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,Q￿PLOG￿DQG￿VHOI￿OLPLWLQJ￿HSLVRGHV￿￿HPROOLHQW￿WKHUDS\￿DQG￿UHDVVXUDQFH￿DUH￿RIWHQ￿DGYRFDWHG￿￿￿)RU
PRUH￿VHYHUH￿FDVHV￿￿D￿UDQJH￿RI￿WUHDWPHQWV￿DUH￿DYDLODEOH￿LQFOXGLQJ￿FRUWLFRVWHURLGV￿￿VDOLF\OLF￿DFLG￿
FRDO￿WDU￿￿YLWDPLQ￿'￿DQDORJXHV￿￿UHWLQRLGV￿￿GLWKUDQRO￿DQG￿XOWUD￿YLROHW￿OLJKW￿￿￿7RSLFDO￿WUHDWPHQWV￿FRPH
LQ￿D￿UDQJH￿RI￿RLQWPHQWV￿￿JHOV￿￿SDVWHV￿￿FUHDPV￿￿DQG￿VFDOS￿VROXWLRQV￿￿￿+RVSLWDO￿WUHDWPHQW￿ZLWK￿RUDO
SUHSDUDWLRQV￿RI￿DFLWUHWLQ￿￿F\FORVSRULQ￿RU￿PHWKRWUH[DWH￿LV￿LQGLFDWHG￿RQO\￿IRU￿WKH￿PRVW￿VHYHUH￿DQG
UHVLVWDQW￿FDVHV￿>￿￿@￿￿￿7KHUH￿LV￿XQFHUWDLQW\￿DERXW￿WKH￿YDOXH￿RI￿DYDLODEOH￿WUHDWPHQWV￿RU￿WKHLU
DSSURSULDWH￿VHTXHQFLQJ￿LQ￿WKH￿SURJUHVVLRQ￿RI￿WKH￿GLVHDVH￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿
7KH￿*UHHN￿SK\VLFLDQ￿￿+LSSRFUDWHV￿￿FLUFD￿￿￿￿￿￿￿￿%&￿￿￿DSSHDUV￿WR￿KDYH￿XVHG￿WDU￿WR￿WUHDW￿ZRXQGV
>￿￿@￿￿￿$OPRVW￿￿￿￿￿\HDUV￿ODWHU￿￿WKH￿*UHHN￿SKLORVRSKHU￿DQG￿VXUJHRQ￿￿'LRVFRULGHV￿￿GHVFULEHG￿WKH￿XVH
RI￿WDU￿DV￿D￿WUHDWPHQW￿IRU￿VNLQ￿GLVRUGHUV￿￿￿7KLV￿WDU￿ZDV￿SUREDEO\￿DVSKDOW￿￿FRDO￿WDU￿EHLQJ￿ILUVW
DWWULEXWHG￿WR￿%HFKHU￿DQG￿6HUOH￿LQ￿￿￿￿￿￿>￿￿@￿￿￿,Q￿￿￿￿￿￿￿*RHFNHUPDQ￿GHPRQVWUDWHG￿WKH
HIIHFWLYHQHVV￿RI￿FUXGH￿FRDO￿WDU￿DQG￿XOWUDYLROHW￿OLJKW￿IRU￿SVRULDVLV￿￿￿8QFHUWDLQW\￿UHPDLQV￿WR￿WKLV￿GD\
DERXW￿WKH￿SRWHQWLDO￿IRU￿V\VWHPLF￿DGYHUVH￿HYHQWV￿IURP￿WDU￿DQG￿LWV￿VXLWDELOLW\￿LQ￿FHUWDLQ￿IRUPV￿RI
SVRULDVLV￿
'LWKUDQRO￿￿DQWKUDOLQ￿LQ￿WKH￿86￿￿ZDV￿LQWURGXFHG￿LQ￿￿￿￿￿￿WR￿WUHDW￿FKURQLF￿SODTXH￿SVRULDVLV￿>￿￿@￿￿￿,Q
￿￿￿￿￿￿,QJUDP￿GHVFULEHG￿KLV￿PHWKRG￿RI￿DSSOLFDWLRQ￿￿DIWHU￿VRDNLQJ￿WKH￿SDWLHQW￿LQ￿D￿ZDUP￿EDWK
FRQWDLQLQJ￿FRDO￿WDU￿VROXWLRQ￿￿GLWKUDQRO￿ZDV￿DSSOLHG￿WR￿WKH￿GU\￿VNLQ￿DQG￿WKH￿SDWLHQW￿WKHQ￿H[SRVHG￿WR
89￿OLJKW￿WR￿SURGXFH￿D￿VOLJKW￿HU\WKHPD￿￿￿%RWK￿WDU￿DQG￿GLWKUDQRO￿DUH￿DVVRFLDWHG￿ZLWK￿VNLQ￿LUULWDWLRQ￿
VWDLQLQJ￿￿RGRXU￿DQG￿PHVVLQHVV￿DQG￿KDYH￿LQ￿WKHLU￿WXUQ￿EHHQ￿UHOHJDWHG￿WR￿VHFRQG￿OLQH￿WKHUDS\￿IRU
PRVW￿SDWLHQWV￿ZLWK￿SVRULDVLV￿
7KH￿LQWURGXFWLRQ￿RI￿WRSLFDO￿FRUWLFRVWHURLGV￿LQ￿WKH￿￿￿￿￿V￿SURYLGHG￿D￿QHZ￿DSSURDFK￿WR￿SVRULDVLV
WUHDWPHQW￿￿￿3VRULDVLV￿LV￿D￿UHODWLYHO\￿FRUWLFRLG￿UHVLVWDQW￿GLVHDVH￿￿ZKLFK￿PD\￿WKHUHIRUH￿UHVSRQG￿RQO\
WR￿SRWHQW￿RU￿YHU\￿SRWHQW￿GUXJV￿>￿￿@￿￿￿,Q￿WKH￿8.￿￿WKHLU￿UHFRPPHQGHG￿XVH￿IRU￿SVRULDVLV LV￿PRUH
UHVWULFWHG￿WKDQ￿LQ￿WKH￿86￿￿￿,Q￿￿￿￿￿￿￿D￿VXUYH\￿UHYHDOHG￿WKDW￿DERXW￿￿￿￿￿RI￿86￿GHUPDWRORJLVWV￿XVHG
WRSLFDO￿FRUWLFRVWHURLGV￿ILUVW￿OLQH￿LQ￿WKH￿WUHDWPHQW￿RI￿SDWLHQWV￿ZLWK￿OLPLWHG￿SVRULDVLV￿￿￿6HFRQG￿OLQH
WUHDWPHQWV￿LQFOXGHG￿FRDO￿WDU￿￿￿￿￿￿￿￿GLWKUDQRO￿￿￿￿￿￿￿DQG￿NHUDWRO\WLFV￿￿￿￿￿￿￿>￿￿@￿￿￿+RZHYHU￿￿WKLV
SUDFWLFH￿PD\￿KDYH￿EHHQ￿JUDGXDOO\￿FKDQJLQJ￿LQ￿WKH￿ODVW￿GHFDGH￿￿ZLWK￿JXLGDQFH￿UHFRPPHQGLQJ￿WKH
XVH￿RI￿WRSLFDO￿FRUWLFRVWHURLGV￿RQO\￿DV￿DQ￿DOWHUQDWLYH￿RU￿DGMXQFWLYH￿WUHDWPHQW￿IRU￿SVRULDVLV￿>￿￿@￿
$OWKRXJK￿FRUWLFRVWHURLGV￿HIIHFWLYHO\￿VXSSUHVV￿SVRULDVLV￿LQ￿WKH￿VKRUW￿WHUP￿￿WKH\￿DUH￿DVVRFLDWHG￿ZLWK
UHODSVH￿RU￿YLJRURXV￿UHERXQG￿RQ￿ZLWKGUDZDO￿￿￿7RSLFDO￿XVH￿RI￿SRWHQW￿FRUWLFRVWHURLGV￿RQ￿VXEVWDQWLDO
ERG\￿VXUIDFH￿DUHDV￿￿DQG￿RYHU￿ORQJ￿SHULRGV￿RI￿WLPH￿￿FDQ￿OHDG￿WR￿V\VWHPLF￿DV￿ZHOO￿DV￿WR￿ORFDO￿VLGH￿
HIIHFWV￿￿￿.QRZQ￿DGYHUVH￿HYHQWV￿LQFOXGH￿VNLQ￿DWURSK\￿￿SLWXLWDU\￿DGUHQDO￿D[LV￿VXSSUHVVLRQ￿
&XVKLQJ©V￿V\QGURPH￿￿FXWDQHRXV￿VWULDH￿DQG￿VNLQ￿WKLQQLQJ￿￿FRQWDFW￿GHUPDWLWLV￿￿WHODQJLHFWDVLD￿￿DQG
ZRUVHQLQJ￿RI￿ORFDO￿LQIHFWLRQV￿>￿￿@￿￿￿&RUWLFRVWHURLGV￿LQGLFDWHG￿IRU￿XVH￿LQ￿SVRULDVLV￿YDU\￿EHWZHHQ￿WKH
8.￿DQG￿86￿￿DV￿GRHV￿WKH￿FODVVLILFDWLRQ￿RI￿WKHLU￿SRWHQF\￿￿$SSHQGL[￿￿7DEOH￿$￿￿
,Q￿￿￿￿￿￿￿D￿-DSDQHVH￿UHSRUW￿RI￿D￿VWULNLQJ￿LPSURYHPHQW￿LQ￿SVRULDVLV￿LQ￿D￿SDWLHQW￿WUHDWHG￿IRU
RVWHRSRURVLV￿ZLWK￿RUDO￿￿DOSKD￿K\GUR[\YLWDPLQ￿'￿￿DOSKD￿FDOFLGRO￿￿RSHQHG￿D￿QHZ￿DYHQXH￿RI
UHVHDUFK￿LQWR￿YLWDPLQ￿'￿GHULYDWLYHV￿>￿￿@￿￿￿7RSLFDO￿FDOFLWULRO￿ZDV￿WKH￿ILUVW￿YLWDPLQ￿'￿￿DQDORJXH￿WR￿EH
VXEVWDQWLDOO\￿LQYHVWLJDWHG￿￿￿$OWKRXJK￿HIIHFWLYH￿LQ￿WUHDWLQJ￿SVRULDVLV￿￿WRSLFDO￿FDOFLWULRO￿ZDV￿IRXQG￿WR
EH￿DVVRFLDWHG￿ZLWK￿V\VWHPLF￿DGYHUVH￿HYHQWV￿DQG￿LV￿QR￿ORQJHU￿PDUNHWHG￿LQ￿WKH￿86￿RU￿8.￿
6\VWHPLF￿DEVRUSWLRQ￿RI￿HYHQ￿VPDOO￿DPRXQWV￿FDQ￿DIIHFW￿FDOFLXP￿PHWDEROLVP￿￿DQG￿WKH￿PDUJLQ
EHWZHHQ￿HIILFDF\￿DQG￿VLGH￿HIIHFWV￿DSSHDUV￿QDUURZ￿>￿￿@￿￿￿7KH￿V\QWKHWLF￿DQDORJXH￿FDOFLSRWULRO
￿FDOFLSRWULHQH￿LQ￿WKH￿86￿￿ZDV￿LQWURGXFHG￿WR￿WKH￿8.￿PDUNHW￿LQ￿￿￿￿￿￿DQG￿WR￿WKH￿86￿LQ￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿LV￿UDSLGO\￿WUDQVIRUPHG￿LQWR￿LQDFWLYH￿PHWDEROLWHV￿DQG￿LV￿WKRXJKW￿WR￿UHWDLQ
DQWLSUROLIHUDWLYH￿DFWLYLW\￿DJDLQVW￿NHUDWLQRF\WHV￿￿ZKLOVW￿EHLQJ￿XQOLNHO\￿WR￿FDXVH￿K\SHUFDOFDHPLD￿
,UULWDWLRQ￿￿SDUWLFXODUO\￿RQ￿WKH￿IDFH￿DQG￿LQWHUWULJLQRXV￿UHJLRQV￿￿LV￿WKH￿PRVW￿FRPPRQ￿UHSRUWHG￿VLGH
HIIHFW￿>￿￿@￿￿￿7DFDOFLWRO￿LV￿DQRWKHU￿V\QWKHWLF￿YLWDPLQ￿'￿DQDORJXH￿>￿￿@￿￿FXUUHQWO\￿DYDLODEOH￿LQ￿WKH￿8.￿
EXW￿QRW￿LQ￿WKH￿86￿￿ &RPSDUHG￿ZLWK￿FDOFLSRWULRO￿￿WDFDOFLWRO￿KDV￿EHHQ￿OHVV￿LQWHQVLYHO\￿LQYHVWLJDWHG￿
EXW￿LW￿KDV￿EHHQ￿VXJJHVWHG￿WKDW￿WDFDOFLWRO￿KDV￿D￿VLPLODU￿VDIHW\￿SURILOH￿>￿￿@￿￿￿,Q￿(XURSH￿￿WRSLFDO
YLWDPLQ￿'￿￿DQDORJXH￿WUHDWPHQW￿LV￿ZLGHO\￿XVHG￿IRU￿SVRULDVLV￿￿￿,Q￿ERWK￿(XURSH￿DQG￿WKH￿86￿￿LW￿LV￿QRW
XQFRPPRQ￿WR￿ILQG￿YLWDPLQ￿'￿￿DQDORJXH￿DQG￿WRSLFDO￿VWHURLGV￿XVHG￿LQ￿FRPELQDWLRQ￿￿WKH￿LQWHQWLRQ
EHLQJ￿WR￿LPSURYH￿HIILFDF\￿ZKLOH￿PLQLPLVLQJ￿VLGH￿HIIHFWV￿>￿￿￿￿￿@￿
7D]DURWHQH￿ZDV￿WKH￿ILUVW￿UHWLQRLG￿WR￿EH￿PDUNHWHG￿DV￿D￿WRSLFDO￿SUHSDUDWLRQ￿IRU￿PLOG￿WR￿PRGHUDWH
SODTXH￿SVRULDVLV￿>￿￿@￿￿￿7D]DURWHQH￿￿DQ￿DFHW\OHQLF￿UHWLQRLG￿￿LV￿PHWDEROLVHG￿WR￿WKHUDSHXWLFDOO\￿DFWLYH
WD]DURWHQLF￿DFLG￿DIWHU￿DSSOLFDWLRQ￿WR￿WKH￿VNLQ￿>￿￿@￿￿￿,WV￿DFWLRQ￿LV￿SXUSRUWHG￿WR￿UHGXFH￿LQIODPPDWLRQ
DQG￿PRGXODWH￿WKH￿GLIIHUHQWLDWLRQ￿DQG￿SUROLIHUDWLRQ￿RI￿NHUDWLQRF\WHV￿>￿￿@￿￿WKH￿PDMRU￿UHSRUWHG￿VLGH7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿
HIIHFW￿EHLQJ￿LUULWDWLRQ￿￿ZKLFK￿DIIHFWV￿EHWZHHQ￿￿￿￿￿DQG￿￿￿￿￿RI￿SDWLHQWV￿LQ￿D￿GRVH￿UHODWHG￿PDQQHU
>￿￿@￿
&KDQJHV￿LQ￿KHDOWKFDUH￿VHWWLQJ￿DQG￿GHOLYHU\￿KDYH￿DFFRPSDQLHG￿FKDQJHV￿LQ￿WUHDWPHQW￿￿WDU￿DQG
GLWKUDQRO￿KDYH￿GHFOLQHG￿LQ￿XVH￿DQG￿PRGHUQ￿WUHDWPHQWV￿KDYH￿OHDG￿WR￿D￿VKLIW￿IURP￿VHFRQGDU\￿WR
SULPDU\￿FDUH￿￿￿(YHQ￿IRU￿VHYHUH￿SVRULDVLV￿￿WKHUH￿KDV￿EHHQ￿D￿VKLIW￿IURP￿LQSDWLHQW￿KRVSLWDOLVDWLRQ￿WR
RXWSDWLHQW￿WUHDWPHQW￿LQ￿WKH￿86￿￿ZLWK￿GHUPDWRORJLVWV￿LQFUHDVLQJO\￿DFWLQJ￿DV￿D￿©FRQVXOWDQW￿WR￿WKH
SULPDU\￿FDUH￿SK\VLFLDQ©￿>￿￿@￿￿￿,Q￿WKH￿8.￿SULPDU\￿FDUH￿OHG￿1+6￿￿*3V￿PLJKW￿EH￿H[SHFWHG￿WR￿SOD\￿DQ
HYHQ￿PRUH￿SURPLQHQW￿UROH￿￿￿6RPH￿WUHDWPHQWV￿IRU￿WKH￿PRVW￿VHYHUH￿FDVHV￿RI￿SVRULDVLV￿UHPDLQ
PDUJLQDO￿WR￿￿RU￿RXWVLGH￿WKH￿UHPLW￿RI￿SULPDU\￿FDUH￿￿SKRWRWKHUDSLHV￿￿RUDO￿UHWLQRLGV￿DQG
LPPXQRVXSSUHVVDQWV￿￿￿*3V￿JHQHUDOO\￿WDNH￿VROH￿UHVSRQVLELOLW\￿IRU￿WKH￿WUHDWPHQW￿RI￿SDWLHQWV￿ZLWK
PLOG￿RU￿PRGHUDWH￿SVRULDVLV￿￿7KLV￿UHYLHZ￿DGGUHVVHV￿SDWLHQWV￿IRU￿ZKRP￿DSSURSULDWH￿PDQDJHPHQW
LQYROYHV￿DFWLYH￿WRSLFDO￿WUHDWPHQW￿LQ￿WKH￿SULPDU\￿FDUH￿VHWWLQJ￿
2XWFRPH￿PHDVXUHV￿LQ￿WULDOV
7KUHH￿NLQGV￿RI￿LQYHVWLJDWRU￿DVVHVVHG￿RXWFRPH￿PHDVXUHV￿DUH￿FRPPRQO\￿XVHG￿LQ￿FOLQLFDO￿WULDOV￿IRU
WUHDWPHQW￿RI￿SVRULDVLV￿￿￿7KH￿ILUVW￿LQYROYHV￿DVVHVVLQJ￿VLJQV￿￿UHGQHVV￿RU￿HU\WKHPD￿￿VFDOLQJ￿RU
FUXVWLQJ￿￿WKLFNHQLQJ￿RU￿HOHYDWLRQ￿RU￿LQGXUDWLRQ￿￿DQG￿V\PSWRPV￿￿SUXULWXV￿￿RI￿SVRULDVLV￿XVLQJ￿￿￿RU￿￿
SRLQW￿VFDOHV￿￿H￿J￿￿￿￿￿QRQH￿￿￿￿￿VRPH￿￿￿￿￿H[WHQVLYH￿￿￿￿7KHVH￿VLJQV￿DQG￿V\PSWRPV￿DUH￿VXPPHG￿WR
REWDLQ￿D￿7RWDO￿6HYHULW\￿6FRUH￿￿766￿￿￿W\SLFDOO\￿VFRUHG￿￿￿WR￿￿￿￿￿7KH￿VHFRQG￿PHDVXUH￿LV￿DQ￿DUHD￿
DGMXVWHG￿YHUVLRQ￿RI￿766￿FDOOHG￿WKH￿3VRULDVLV￿$UHD￿6HYHULW\￿,QGH[￿￿3$6,￿￿￿WKH￿UDWLRQDOH￿EHLQJ￿WKDW
UHGXFWLRQV￿LQ￿DUHD￿RI￿SVRULDVLV￿DUH￿DV￿LPSRUWDQW￿DV￿VHYHULW\￿>￿￿￿￿￿@￿￿￿7KLV￿LQGH[￿￿OLNH￿WKH￿766￿￿LV
VFRUHG￿LQ￿VHYHUDO￿GLIIHUHQW￿ZD\V￿LQ￿WULDOV￿EXW￿ZDV￿RULJLQDOO\￿VFRUHG￿￿￿WR￿￿￿￿￿￿7KH￿WKLUG￿PHDVXUH
LQYROYHV￿DQ￿,QYHVWLJDWRU￿$VVHVVPHQW￿RI￿*OREDO￿,PSURYHPHQW￿￿,$*,￿￿RU￿UHVSRQVH￿RI￿SVRULDVLV￿
7\SLFDOO\￿WKLV￿PHDVXUH￿LV￿VFRUHG￿RQ￿D￿￿ RU￿￿￿SRLQW￿VFDOH￿VFRUHG￿￿IRU￿H[DPSOH￿§￿￿￿ZRUVH￿WKURXJK￿WR
￿￿￿FOHDUHG￿￿￿/HVV￿FRPPRQO\￿XVHG￿RXWFRPH￿PHDVXUHV￿LQFOXGH￿D￿YDULHW\￿RI￿3DWLHQW￿*OREDO
$VVHVVPHQW￿VFRUHV￿￿￿7KH￿LQGHSHQGHQFH￿RI￿WKH￿SDWLHQW￿DQG￿LQYHVWLJDWRU￿DVVHVVPHQWV￿LQ￿PDQ\
VWXGLHV￿LV￿XQFOHDU￿
6XPPDULVLQJ￿WKH￿UHVXOWV￿RI￿WULDOV￿LV￿SRWHQWLDOO\￿SUREOHPDWLF￿ZKHQ￿GLIIHUHQW￿RXWFRPH￿PHDVXUHV￿DUH
XVHG￿￿￿+RZHYHU￿￿DOO￿RI￿WKHVH￿PHDVXUHV￿IHDWXUH￿RUGHUHG￿FDWHJRULFDO￿VFDOHV￿DQG￿DOO￿DVVHVV￿WKH
VDPH￿XQGHUO\LQJ￿FRQVWUXFW￿￿￿%HFDXVH￿RI￿WKH￿QXPEHU￿RI￿SRLQWV￿LQ￿HDFK￿VFDOH￿￿WKHVH￿FDQ
UHDVRQDEO\￿EH￿DQDO\VHG￿DV￿FRQWLQXRXV￿PHDVXUHV￿￿DOWKRXJK￿VFDOH￿DQG￿FRQWHQW￿GLIIHUHQFHV￿LQ
PHDVXUHV￿PDNH￿D￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH￿￿:0'￿￿HVWLPDWH￿WR￿FRPSDUH￿WKH￿UHVXOWV￿RI￿WULDOV
LQDSSURSULDWH￿￿￿$Q￿DGYDQWDJH￿RI￿D￿VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH￿￿6:0'￿￿HVWLPDWH￿LV
WKDW￿LW￿DGMXVWV￿IRU￿VFDOH￿GLIIHUHQFHV￿DQG￿DOORZV￿PRVW￿WULDOV￿WR￿FRQWULEXWH￿GDWD￿￿7KH￿GLVDGYDQWDJH￿LV
WKH￿ORVV￿RI￿SK\VLFDO￿LQWHUSUHWDELOLW\￿￿DOWKRXJK￿LW￿LV￿SRVVLEOH￿WR￿ZRUN￿EDFN￿WR￿D￿YDOXH￿WR￿D￿QDWXUDO
VFDOH￿IURP￿WKH￿6:0'￿
$￿SUHYLRXV￿UHYLHZ￿UHSRUWHG￿UHVSRQVH￿UDWHV￿WR￿WUHDWPHQWV￿E\￿GLFKRWRPLVLQJ￿,$*,￿PHDVXUHV￿XVHG
LQ￿WULDOV￿>￿￿@￿￿￿7ULDOLVWV￿WKHPVHOYHV￿RIWHQ￿UHSRUW￿￿IRU￿H[DPSOH￿￿SDWLHQWV￿VXEVWDQWLDOO\￿RU￿FRPSOHWHO\
FOHDUHG￿RQ￿GLIIHUHQW￿WUHDWPHQWV￿￿￿$￿GLIILFXOW\￿ZLWK￿WKLV￿DSSURDFK￿LV￿WKDW￿TXLWH￿PRGHVW￿GLIIHUHQFHV
EHWZHHQ￿WUHDWPHQWV￿RQ￿WKH￿RULJLQDO￿VFDOHV￿FDQ￿EH￿PDJQLILHG￿E\￿DUELWUDULO\￿FXWWLQJ￿WKH￿GDWD￿LQWR
®UHVSRQGHUV©￿DQG￿®QRQ￿UHVSRQGHUV©￿￿￿7R￿WKLV￿PXVW￿EH￿DGGHG￿WKH￿SUREOHP￿WKDW￿RIWHQ￿WKH￿FKRLFH￿RI
ZKHUH￿WR￿FXW￿®UHVSRQVH©￿LV￿PDGH￿ZLWK￿VLJKW￿RI￿WKH￿GDWD￿￿UDWKHU￿WKDQ￿ZLWK￿UHIHUHQFH￿WR￿D￿SURWRFRO
SUHVFULEHG￿SULPDU\￿HQGSRLQW￿￿WKLV￿SURYLGHV￿VFRSH￿IRU￿VXEVWDQWLDO￿ELDV￿
5(9,(:￿0(7+2'6
:H￿UHWULHYHG￿SODFHER￿￿YHKLFOH￿￿FRQWUROOHG￿WULDOV￿RI￿SVRULDWLF￿WUHDWPHQWV￿XVHG￿LQ￿SULPDU\￿FDUH￿
FRUWLFRVWHURLGV￿￿YLWDPLQ￿'￿GHULYDWLYHV￿￿VDOLF\FOLF￿DFLG￿￿FRDO￿WDU￿￿GLWKUDQRO￿DQG￿WD]DURWHQH￿
$GGLWLRQDOO\￿ZH￿UHWULHYHG￿KHDG￿WR￿KHDG￿WULDOV￿SURYLGLQJ￿FRPSDULVRQV￿ZLWK￿WKH￿￿UHODWLYHO\￿QHZ￿
YLWDPLQ￿'￿GHULYDWLYH￿WUHDWPHQWV￿￿WR￿DVVHVV￿WKHLU￿SHUIRUPDQFH￿GLUHFWO\￿DJDLQVW￿RWKHU￿HVWDEOLVKHG7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿
WUHDWPHQWV￿￿￿7ULDOV￿ZHUH￿LQFOXGHG￿LI￿WKH\￿ZHUH￿UDQGRPLVHG￿￿ZLWKRXW￿FURVV￿RYHU￿￿ZLWK￿WZR￿ZHHNV￿RU
PRUH￿GXUDWLRQ￿RI￿WUHDWPHQW￿￿￿:H￿H[FOXGHG￿WULDOV￿LQFOXGLQJ￿SDWLHQWV￿SULPDULO\￿ZLWK￿RWKHU￿GLVHDVHV
￿H￿J￿￿SVRULDWLF DUWKULWLV￿￿DWRSLF GHUPDWLWLV￿￿HF]HPD￿￿￿DGMXQFWLYH￿WUHDWPHQWV￿IRU￿WKH￿LDWURJHQLF HIIHFW
RI￿SVRULDVLV￿WKHUDSLHV￿￿VWXGLHV￿SUDJPDWLFDOO\￿ZH￿ZHUH￿XQDEOH￿WR￿WUDQVODWH￿￿VWXGLHV￿UHSRUWLQJ
ELRORJLFDO￿RU￿SKDUPRNLQHWLF PDUNHUV￿￿EXW￿QRW￿SDWLHQW￿FOLQLFDO￿RXWFRPHV￿￿VWXGLHV￿XVLQJ￿KHDOWK\
YROXQWHHUV￿￿SVRULDVLV￿VHFRQGDU\￿WR￿D￿SDUWLFXODU￿FR￿PRUELG￿FRQGLWLRQ￿VXFK￿DV￿+,9￿
:H￿FRQGXFWHG￿VHQVLWLYH￿HOHFWURQLF￿VHDUFKHV￿RI￿WKH￿PDLQVWUHDP￿PHGLFDO￿DQG￿JUH\￿OLWHUDWXUH￿
0('/,1(￿￿￿￿￿￿￿￿￿￿￿￿(0%$6(￿￿￿￿￿￿￿￿￿￿￿￿%,26,6￿￿￿￿￿￿￿￿￿￿￿￿+HDOWKVWDU ￿￿￿￿￿￿￿￿￿￿￿6LJOH ￿￿￿￿￿￿
￿￿￿￿￿￿￿,+7$￿￿￿￿￿￿￿￿￿￿￿￿￿￿&RFKUDQH &RQWUROOHG￿7ULDOV￿5HJLVWHU￿￿￿￿￿￿￿￿&RQIHUHQFH￿3DSHUV￿,QGH[
￿￿￿￿￿￿￿￿￿￿￿￿￿'HUZHQW 'UXJ￿)LOH￿￿￿￿￿￿￿￿￿￿￿￿￿￿'LVVHUWDWLRQ￿$EVWUDFWV￿￿￿￿￿￿￿￿￿￿￿￿￿￿3DVFDO￿￿￿￿￿￿￿
￿￿￿￿￿￿￿,QWHUQDWLRQDO￿3KDUPDFHXWLFDO￿$EVWUDFWV￿￿￿￿￿￿￿￿￿￿￿￿￿DQG￿6FLHQFH￿&LWDWLRQ￿,QGH[￿￿￿￿￿￿￿
￿￿￿￿￿￿￿￿:H￿DOVR￿VHDUFKHG￿UHIHUHQFHV￿RI￿WULDO￿UHSRUWV￿DQG￿UHFHQW￿UHYLHZV￿￿￿:H￿URXWLQHO\￿FRQWDFWHG
DXWKRUV￿DQG￿FRPSDQLHV￿IRU￿PLVVLQJ￿GDWD￿IURP￿SXEOLVKHG￿UHSRUWV￿
:H￿VXPPDULVHG￿WKH￿PDMRU￿DWWULEXWHV￿RI￿WULDOV￿LQFOXGLQJ￿WUHDWPHQW￿IRUPV￿￿GRVHV￿DQG￿GXUDWLRQ￿
LQFOXVLRQ￿DQG￿H[FOXVLRQ￿FULWHULD￿￿OHYHO￿RI￿EOLQGLQJ￿￿ZLWKLQ￿SDWLHQW￿RU￿SDUDOOHO￿JURXS￿GHVLJQ￿
FRQFHDOPHQW￿RI￿DOORFDWLRQ￿￿QXPEHUV￿RI￿SDWLHQWV￿UDQGRPLVHG￿￿EDVHOLQH￿FRPSDUDELOLW\￿￿ORVV￿WR￿IROORZ
XS￿￿SULPDU\￿DQG￿VHFRQGDU\￿RXWFRPHV￿￿ZLWKGUDZDOV￿DQG￿DGYHUVH￿HYHQWV￿￿IXOO￿GHWDLOV￿DUH￿UHSRUWHG
LQ￿WKH￿$SSHQGL[￿￿￿'DWD￿ZHUH￿DEVWUDFWHG￿IURP￿WULDOV￿RQ￿WKH￿WKUHH￿FRPPRQO\￿UHSRUWHG￿FOLQLFDO
RXWFRPHV￿￿766￿￿3$6,￿RU￿,$*,￿DQG￿UHVXOWV￿ZHUH￿SRROHG￿XVLQJ￿D￿VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ
GLIIHUHQFH￿PHWULF￿￿￿:H￿XVHG￿UDQGRP￿HIIHFW￿HVWLPDWHV￿UHIOHFWLQJ￿YDULDWLRQV￿LQ￿FRQWHQW￿RI￿WKH
PHDVXUHV￿XVHG￿￿￿:H￿DOVR￿DEVWUDFWHG￿GDWD￿RQ￿ZLWKGUDZDO￿GXH￿WR￿DQ\￿FDXVH￿￿WR￿DGYHUVH￿HYHQWV
DQG￿WR￿WUHDWPHQW￿IDLOXUH￿￿DV￿ZHOO￿DV￿DGYHUVH￿HYHQWV￿GXH￿WR￿ORFDO￿DQG￿V\VWHPLF￿HIIHFWV￿￿￿7KHVH￿GDWD
ZHUH￿VXPPDULVHG￿XVLQJ￿D￿ULVN￿UHGXFWLRQ￿PHWULF￿DJDLQ￿XVLQJ￿UDQGRP￿HIIHFW￿HVWLPDWHV￿￿￿:KHUH
HVWLPDWHV￿RI￿YDULDQFH￿ZHUH￿XQREWDLQDEOH￿IRU￿VWXGLHV￿￿WKHVH￿ZHUH￿LPSXWHG￿E\￿SRROLQJ￿WKH￿VWDQGDUG
GHYLDWLRQV￿RI￿WUHDWPHQW￿FRKRUWV￿IXOO\￿UHSRUWHG￿LQ￿WULDOV￿￿￿6HSDUDWH￿LPSXWDWLRQV￿ZHUH￿PDGH￿IRU￿HDFK
RXWFRPH￿DQG￿IRU￿ZLWKLQ￿SDWLHQW￿DQG￿SDUDOOHO￿JURXS￿GHVLJQV￿￿￿2XU￿LQWHQW￿ZDV￿WR￿H[SORUH￿FRQVLVWHQF\
RI￿WUHDWPHQW￿HIIHFW￿ZLWKLQ￿DQG￿EHWZHHQ￿FODVVHV￿RI￿WKHUDS\￿￿￿&RUWLFRVWHURLGV￿ZHUH￿FODVVLILHG￿XVLQJ
WKH￿FODVVLILFDWLRQ￿IRXQG￿LQ￿WKH￿%ULWLVK￿1DWLRQDO￿)RUPXODU\￿￿%1)￿￿>￿￿@￿￿￿%ULWLVK￿DQG￿$PHULFDQ
FODVVLILFDWLRQV￿RI￿SRWHQF\￿VKRZ￿JRRG￿FRUUHODWLRQ￿￿$SSHQGL[￿￿7DEOH￿$￿￿
5(68/76
3ODFHER￿FRQWUROOHG￿WULDOV
:H￿UHWULHYHG￿GHWDLOV￿RI￿￿￿￿UDQGRPLVHG￿FRQWUROOHG￿WULDOV￿FRPSDULQJ￿DFWLYH￿WUHDWPHQWV￿DJDLQVW
SODFHER￿￿$SSHQGL[￿￿7DEOH￿%￿￿>￿￿￿￿￿@￿￿￿,Q￿DOO￿LQVWDQFHV￿WKH￿SODFHER￿FRQVLVWHG￿RI￿WKH￿HPROOLHQW
YHKLFOH￿XVHG￿E\￿WKH￿DFWLYH￿WUHDWPHQW￿RU￿VRPH￿VLPLODU￿HPROOLHQW￿￿￿2I￿WKHVH￿WULDOV￿￿￿￿￿ZHUH￿DEOH￿WR
SURYLGH￿VXPPDU\￿GDWD￿XVHIXO￿WR￿WKH￿HIIHFWLYHQHVV￿DQDO\VLV￿￿HLWKHU￿GLUHFWO\￿IURP￿WKH￿SXEOLVKHG
UHSRUW￿￿E\￿FRQWDFW￿ZLWK￿DXWKRUV￿RU￿VSRQVRUV￿IRU￿DGGLWLRQDO￿GDWD￿RU￿E\￿LPSXWDWLRQ￿￿ZKHQ￿YDULDQFH
HVWLPDWHV￿ZHUH￿DEVHQW￿￿￿￿7KHVH￿￿￿￿WULDOV￿SURYLGHG￿￿￿￿FRPSDULVRQV￿DJDLQVW￿SODFHER￿DQG￿GDWD￿RQ
￿￿￿￿￿￿SDWLHQWV￿￿$SSHQGL[￿￿7DEOH￿&￿￿￿￿:LWK￿WKH￿H[FHSWLRQ￿RI￿RQH￿VPDOO￿WULDO￿￿>￿￿@￿DOO￿ZHUH￿GRXEOH￿
EOLQGHG￿￿￿'XUDWLRQ￿RI￿WUHDWPHQW￿LQ￿WULDOV￿ZDV￿W\SLFDOO\￿￿￿WR￿￿￿ZHHNV￿￿￿$￿ZLWKLQ￿SDWLHQW￿GHVLJQ￿ZDV
XVHG￿LQ￿￿￿￿WULDOV￿DQG￿D￿SDUDOOHO￿JURXS￿GHVLJQ￿LQ￿￿￿￿WULDOV￿￿￿7ZHQW\￿VHYHQ￿WULDOV￿￿￿￿￿￿￿UHSRUWHG￿D
7RWDO￿6LJQ￿6FRUH￿￿￿￿￿￿￿￿￿￿D￿3$6,￿￿DQG￿￿￿￿￿￿￿￿￿￿DQ￿,QYHVWLJDWRU©V￿*OREDO￿$VVHVVPHQW￿RI
,PSURYHPHQW￿￿￿,PSXWDWLRQ￿RI￿HVWLPDWHV￿RI￿YDULDQFH￿ZDV￿QHFHVVDU\￿IRU￿￿￿￿WULDOV￿￿￿7ULDOV￿FRPSDULQJ
VWHURLGV￿ZLWK￿SODFHER￿IHOO￿LQWR￿HLWKHU￿®SRWHQW©￿RU￿®YHU\￿SRWHQW©￿%1)￿FDWHJRULHV￿
7KH￿HVWLPDWHV￿RI￿HIIHFWLYHQHVV￿VKRZQ￿DV￿VWDQGDUGLVHG￿PHDQ￿GLIIHUHQFHV￿EHWZHHQ￿WUHDWPHQW￿DQG
SODFHER￿JURXSV￿IRU￿HDFK￿WULDO￿DUH￿SUHVHQWHG￿LQ￿)LJXUH￿￿￿￿￿,Q￿GRVH￿UDQJLQJ￿VWXGLHV￿￿RXWFRPHV￿RI
SDWLHQWV￿DW￿DOO￿GRVHV￿RI￿DFWLYH￿WKHUDS\￿KDYH￿EHHQ￿FRPELQHG￿DQG￿VKRZQ￿DJDLQVW￿SODFHER￿￿OHDYLQJ
￿￿￿FRPSDULVRQV￿LQ￿WRWDO￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿
)LJXUH￿￿￿￿ 3ODFHER￿FRQWUROOHG￿WULDOV￿RI￿WRSLFDO￿WUHDWPHQWV￿IRU￿SVRULDVLV￿
VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH
7ULDO 'XUDWLRQ 'HVLJQ
&RUWLFRVWHURLGV ￿SRWHQW￿
%HWDPHWKDVRQH￿ (OLH HW￿DO￿￿￿￿￿￿D￿ ￿￿ZNV SDUDOOHO
GLSURSLRQDWH￿ :RUW]HO￿￿￿￿￿￿D ￿￿ZNV SDUDOOHO
:RUW]HO￿￿￿￿￿￿E ￿￿ZNV SDUDOOHO
9DQGHU3ORHJ￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
/DQH￿HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
.DW]￿HW￿DO￿￿￿￿￿￿ ￿￿￿ZNV SDUDOOHO
'LIORUDVRQH￿GLDFHWDWH /DQH￿HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
'HVRQLGH *UHHQVSDQ HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
)OXWLFDVRQHSURSLRQDWH 2OVHQ￿￿￿￿￿￿D ￿￿ZNV SDUDOOHO
2OVHQ￿￿￿￿￿￿E ￿￿ZNV SDUDOOHO
+\GURFRUWLVRQH EXWHSUDWH 6HDUV￿HW￿DO￿￿￿￿￿ ￿￿ZNV SDUDOOHO
0RPHWDVRQH￿IXURDWH 0HGDQVN\ HW￿DO￿￿￿￿￿￿ ￿￿ZHHN SDUDOOHO
&RUWLFRVWHURLGV ￿YHU\￿SRWHQW￿
$PFLQRQLGH (OOLV￿HW￿DO￿￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
&OREHWDVRO SURSLRQDWH -RUL]]R HW￿DO ￿￿ZNV SDUDOOHO
2OVHQ￿￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
+DOFLQRQLGH￿ /HSDZ ￿￿￿￿￿ ￿￿ZNV ZLWKLQ
+DOREHWDVRO %HUQKDUG￿HW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
9LWDPLQ￿'￿￿GHULYDWLYHV
&DOFLSRWULRO +LJKWRQHW￿DO￿￿￿￿￿ ￿￿ZNV SDUDOOHO
.DQJ￿HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
*UHHQ￿HW￿DO￿￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
2UDQMHHW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
3DULVHUHW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
'XEHUWUHW HW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
6WDEHUJHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
.UDJEDOOHHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
+DUULQJWRQ￿HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
0RUWHQVHQ HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
7DFDOFLWRO 9DQ￿GH .HUNKRI HW￿DO￿￿￿￿￿￿D ￿￿ZNV ZLWKLQ
%DDGVJDDUGHW￿DO￿￿￿￿￿￿ ￿￿￿￿ZNV ZLWKLQ
6HLGHQDUL HW￿DO￿￿￿￿￿ ￿￿ZNV ZLWKLQ
6FDUSDHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
&DOFLWULRO 3HUH]￿HW￿DO￿￿￿￿￿￿Ç ￿￿￿ZNV ZLWKLQ
9DQ￿GH .HUNKRI￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
/DQJQHU HW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
/DQJQHU HW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
2WKHU￿7UHDWPHQWV
7D]DURWHQH :HLQVWHLQHW￿DO￿￿￿￿￿￿ ￿￿￿ZNV SDUDOOHO
&RDO￿WDU .DQ]OHUHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
'LWKUDQRO *UDWWDQHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
%XFNOH\￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
-HNOHUHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
6DOLF\OLF￿DFLG￿ (OLH HW￿DO￿￿￿￿￿￿E￿ ￿￿ZNV SDUDOOHO
$ORH YHUD H[WUDFW 6\HG HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
%HWDPHWKDVRQH￿GLSURSLRQDWH￿ (OLH HW￿DO￿￿￿￿￿￿F￿ ￿￿ZNV SDUDOOHO
DQG￿VDOLF\OLF￿DFLG
￿￿ ￿￿￿ ￿￿ ￿￿￿ ￿￿
￿ 7ULDOV￿RI￿VFDOS￿SVRULDVLV
Ç 1RW￿VKRZQ￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿￿￿VHH￿WH[W￿IRU￿GLVFXVVLRQ
)DYRXUV￿WUHDWPHQW )DYRXUV￿SODFHER7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿
3HUIRUPDQFH￿RI￿DFWLYH￿WUHDWPHQW￿FRPSDUHG￿ZLWK￿SODFHER
7KH￿SRROHG￿UHVXOWV￿RI￿WKH￿WULDOV￿E\￿WUHDWPHQW￿DQG￿E\￿WUHDWPHQW￿FODVV￿DUH￿VKRZQ￿LQ￿)LJXUH￿￿￿￿7KH
SRROHG￿VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH￿IRU￿DOO￿DFWLYH￿WUHDWPHQWV￿DJDLQVW￿YHKLFOH￿ZDV￿￿￿￿￿￿
￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿LQGLFDWLQJ￿D￿VWDWLVWLFDOO\￿VLJQLILFDQW￿EHQHILW￿LQ￿IDYRXU￿RI￿DFWLYH￿WUHDWPHQW￿
2Q￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\￿6FRUH￿WKLV￿DSSUR[LPDWHV￿WR￿DQ￿LPSURYHPHQW￿RI￿￿￿SRLQWV￿￿￿:H￿IRXQG
HYLGHQFH￿RI￿KHWHURJHQHLW\￿FRQILUPLQJ￿WKH￿QHHG￿IRU￿D￿UDQGRP￿HIIHFWV￿DSSURDFK￿￿WKRXJK￿D￿IL[HG
HIIHFWV￿DSSURDFK￿SURYLGHV￿D￿VLPLODU￿HVWLPDWH￿RI￿HIIHFW￿￿ZLWK￿D￿VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ
GLIIHUHQFH￿RI￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿7KHUH￿ZHUH￿QR￿VLJQLILFDQW￿GLIIHUHQFHV￿EHWZHHQ￿WKH
ILQGLQJV￿RI￿ZLWKLQ￿SDWLHQW￿DQG￿SDUDOOHO￿JURXS￿GHVLJQV￿￿RU￿VWDQGDUGLVHG￿HVWLPDWHV￿DFFRUGLQJ￿WR￿WKH
RXWFRPH￿PHDVXUH￿XVHG￿￿766￿￿3$6,￿RU￿,$*,￿￿￿7KXV￿WKH￿KHWHURJHQHLW\￿DSSHDUV￿WR￿DULVH￿￿DW￿OHDVW￿LQ
SDUW￿￿EHFDXVH￿RI￿GLIIHUHQFHV￿LQ￿HIIHFWLYHQHVV￿EHWZHHQ￿WKH￿FODVVHV￿RI￿WUHDWPHQWV￿￿￿7KH￿PDJQLWXGH
RI￿EHQHILW￿VKRZHG￿QR￿PDUNHG￿GLIIHUHQFHV￿FRPSDULQJ￿EHWZHHQ￿FODVVHV￿RI￿GUXJV￿ZLWK￿WKH￿H[FHSWLRQ
RI￿WKH￿YHU\￿SRWHQW￿VWHURLGV￿￿7RSLFDO￿YHU\￿SRWHQW￿VWHURLGV￿ZHUH￿FRPSDUHG￿ZLWK￿D￿SODFHER￿YHKLFOH￿LQ
ILYH￿WULDOV￿SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD￿IURP￿￿￿￿￿SDWLHQWV￿￿￿2YHUDOO￿￿WKHUH￿ZDV￿D￿VWDWLVWLFDOO\
VLJQLILFDQW￿GLIIHUHQFH￿IDYRXULQJ￿YHU\￿SRWHQW￿VWHURLGV￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿DSSUR[LPDWHO\
WR￿D￿￿￿SRLQW￿LPSURYHPHQW￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\￿6FRUH￿
7ZHOYH￿WULDOV￿RI￿WRSLFDO￿SRWHQW￿VWHURLGV￿ZLWK￿￿￿￿￿￿￿SDWLHQWV￿IRXQG￿D￿VWDWLVWLFDOO\￿VLJQLILFDQW
GLIIHUHQFH￿IDYRXULQJ￿SRWHQW￿VWHURLGV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿DSSUR[LPDWHO\￿D￿￿￿￿￿SRLQW
LPSURYHPHQW￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\￿6FRUH￿
7ULDOV￿RI￿YLWDPLQ￿'￿￿WUHDWPHQWV￿LQFOXGH￿FDOFLWULRO￿￿ZKLFK￿LV￿QR￿ORQJHU￿PDUNHWHG￿LQ￿WKH￿8.￿RU￿86
EHFDXVH￿RI￿LWV￿VDIHW\￿SURILOH￿￿￿2QH￿WULDO￿>￿￿@￿UHSRUWV￿VSHFWDFXODU￿LPSURYHPHQW￿IRU￿FDOFLWULRO
FRPSDUHG￿WR￿SODFHER￿WKDW￿LV￿KDUG￿WR￿LQWHUSUHW￿DORQJVLGH￿WKH￿ILQGLQJV￿RI￿RWKHU￿WULDOV￿￿￿&RQVHTXHQWO\￿
SRROHG￿UHVXOWV￿KDYH￿EHHQ￿VKRZQ￿IRU￿DOO￿YLWDPLQ￿'￿￿GHULYDWLYH￿WUHDWPHQWV￿DQG￿IRU￿WKRVH￿FXUUHQWO\
DYDLODEOH￿￿￿)RXUWHHQ￿WULDOV￿RI￿FXUUHQWO\￿DYDLODEOH￿YLWDPLQ￿'￿￿GHULYDWLYH￿WUHDWPHQWV￿ZLWK￿￿￿￿￿￿
SDWLHQWV￿IRXQG￿D￿VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH￿IDYRXULQJ￿DFWLYH￿WUHDWPHQW￿RI￿￿￿￿￿￿￿
￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿D￿￿￿￿￿SRLQW￿LPSURYHPHQW￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\￿6FRUH￿
2QH￿SODFHER￿FRQWUROOHG￿WULDO￿RI￿WD]RUHWHQH￿￿SURYLGLQJ￿GDWD￿IURP￿￿￿￿￿SDWLHQWV￿￿SURYLGHG￿D￿FOLQLFDO
HIIHFW￿IDYRXULQJ￿WD]DURWHQH￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿FRQVLVWHQW￿ZLWK￿SRWHQW￿VWHURLGV￿DQG
YLWDPLQ￿'￿￿GHULYDWLYH￿WUHDWPHQWV￿￿￿(VWLPDWHV￿RI￿EHQHILWV￿IRU￿RWKHU￿WUHDWPHQWV￿DUH￿LPSUHFLVH
UHIOHFWLQJ￿WKH￿VPDOO￿QXPEHUV￿HQUROOHG￿LQ￿WKHVH￿WULDOV￿￿￿2QH￿VPDOO￿WULDO￿RI￿$ORH￿9HUD￿LV￿LQFOXGHG￿DV￿D
FXULR￿￿DOWKRXJK￿QRW￿FOLQLFDOO\￿OLFHQVHG￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿>￿￿@￿
7KLUW\￿VL[￿SODFHER￿FRQWUROOHG￿WULDOV￿SURYLGHG￿GDWD￿RQ￿DW￿OHDVW￿RQH￿RI￿WKH￿IROORZLQJ￿￿ZLWKGUDZDO￿IRU
DQ\￿UHDVRQ￿￿IRU￿DGYHUVH￿HYHQWV￿RU￿WUHDWPHQW￿IDLOXUH￿￿IUHTXHQF\￿RI￿ORFDO￿RU￿V\VWHPLF￿DGYHUVH￿HYHQW
UDWHV￿￿￿:LWKLQ￿WKHUDSHXWLF￿FODVVHV￿￿ZLWK￿IHZ￿H[FHSWLRQV￿￿WKHUH￿ZHUH￿QR￿VWDWLVWLFDOO\￿VLJQLILFDQW
GLIIHUHQFHV￿EHWZHHQ￿DFWLYH￿WUHDWPHQW￿DQG￿YHKLFOH￿LQ￿DQ\￿RI￿WKHVH￿PHDVXUHV￿￿7DEOH￿￿￿￿
+HDG￿WR￿KHDG￿VWXGLHV
:H￿UHWULHYHG￿GHWDLOV￿RI￿￿￿￿UDQGRPLVHG￿FRQWUROOHG￿WULDOV￿FRPSDULQJ￿D￿YLWDPLQ￿'￿￿SUHSDUDWLRQ￿ZLWK
DQRWKHU￿DFWLYH￿WUHDWPHQW￿￿$SSHQGL[￿￿7DEOH￿'￿￿>￿￿￿￿￿￿@￿￿￿)LYH￿RI￿WKHVH￿VWXGLHV￿ZHUH￿H[FOXGHG￿RQ
PHWKRGRORJLFDO￿JURXQGV￿￿$SSHQGL[￿￿7DEOH￿(￿￿￿￿2I￿LQFOXGHG￿WULDOV￿￿￿￿￿ZHUH￿DEOH￿WR￿SURYLGH
VXPPDU\￿GDWD￿XVHIXO￿WR￿WKH￿HIIHFWLYHQHVV￿DQDO\VLV￿￿HLWKHU￿GLUHFWO\￿IURP￿WKH￿SXEOLVKHG￿UHSRUW￿￿E\
FRQWDFW￿ZLWK￿DXWKRUV￿RU￿VSRQVRUV￿IRU￿DGGLWLRQDO￿GDWD￿RU￿E\￿LPSXWDWLRQ￿￿￿7KHVH￿￿￿￿WULDOV￿SURYLGHG￿￿￿
FRPSDULVRQV￿DJDLQVW￿YLWDPLQ￿'￿GHULYDWLYH￿WUHDWPHQW￿DQG￿GDWD￿RQ￿￿￿￿￿￿￿SDWLHQWV￿￿$SSHQGL[￿￿7DEOH
)￿￿￿￿)LIWHHQ￿WULDOV￿IHDWXUH￿GRXEOH￿EOLQGLQJ￿￿WKUHH￿VLQJOH￿EOLQGLQJ￿DQG￿VL[￿DQ￿RSHQ￿GHVLJQ￿￿￿,Q￿IRXU
VWXGLHV￿￿WKH￿OHYHO￿RI￿EOLQGLQJ￿FRXOG￿QRW￿EH￿DVFHUWDLQHG￿￿￿'XUDWLRQ￿RI￿WUHDWPHQW￿LQ￿WULDOV￿ZDV
W\SLFDOO\￿￿￿WR￿￿￿ZHHNV￿￿￿$￿ZLWKLQ￿SDWLHQW￿GHVLJQ￿ZDV￿XVHG￿LQ￿￿￿￿WULDOV￿DQG￿D￿SDUDOOHO￿JURXS￿GHVLJQ
LQ￿￿￿￿WULDOV￿￿￿7KLUWHHQ￿WULDOV￿￿￿￿￿￿￿UHSRUWHG￿D￿7RWDO￿6LJQ￿6FRUH￿￿￿￿￿￿￿￿￿￿￿D￿3$6,￿￿DQG￿￿￿￿￿￿￿￿￿￿DQ
,QYHVWLJDWRU©V￿*OREDO￿$VVHVVPHQW￿RI￿,PSURYHPHQW￿￿,PSXWDWLRQ￿RI￿HVWLPDWHV￿RI￿YDULDQFH￿ZDV
QHFHVVDU\￿IRU￿ILYH￿WULDOV￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿
)LJXUH￿￿￿￿ 6XPPDU\￿RI￿SODFHER￿FRQWUROOHG￿WULDOV￿RI￿WRSLFDO￿WUHDWPHQWV￿IRU￿SVRULDVLV￿
VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH
￿
7KH￿HVWLPDWHV￿RI￿HIIHFWLYHQHVV￿DUH￿VKRZQ￿DV￿VWDQGDUGLVHG￿PHDQ￿GLIIHUHQFHV￿EHWZHHQ￿YLWDPLQ
GHULYDWLYH￿WUHDWPHQWV￿DQG￿RWKHU￿DFWLYH￿WUHDWPHQWV￿IRU￿HDFK￿WULDO￿LQ￿)LJXUH￿￿￿￿$￿PHWD￿DQDO\VLV￿XVLQJ
UDQGRP￿HIIHFWV￿HVWLPDWLRQ￿DQG￿SRROLQJ￿WKH￿UHVXOWV￿IRU￿FRPPRQ￿WUHDWPHQW￿FRPSDULVRQV￿LV￿VKRZQ
LQ￿)LJXUH￿￿￿
3HUIRUPDQFH￿RI￿YLWDPLQ￿'￿GHULYDWLYHV￿LQ￿KHDG￿WR￿KHDG￿WULDOV
9LWDPLQ￿'￿GHULYDWLYH￿WUHDWPHQW￿ZDV￿FRPSDUHG￿ZLWK￿D￿SRWHQW￿WRSLFDO￿FRUWLFRVWHURLG￿LQ￿￿￿WULDOV
SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD￿IURP￿￿￿￿￿￿￿SDWLHQWV￿￿￿2YHUDOO￿WKHUH￿ZDV￿QR￿VWDWLVWLFDOO\￿VLJQLILFDQW
GLIIHUHQFH￿EHWZHHQ￿WUHDWPHQWV￿LQ￿FOLQLFDO￿HIIHFW￿￿ZLWKGUDZDO￿RU￿DGYHUVH￿HYHQWV￿FRQVLVWHQW￿ZLWK
SODFHER￿FRQWUROOHG￿FRPSDULVRQV￿RI￿WKH￿WUHDWPHQWV￿
9LWDPLQ￿'￿GHULYDWLYH￿WUHDWPHQW￿ZDV￿FRPSDUHG￿ZLWK￿GLWKUDQRO￿LQ￿￿￿WULDOV￿SURYLGLQJ￿HIIHFWLYHQHVV
GDWD￿IURP￿￿￿￿￿SDWLHQWV￿￿￿2YHUDOO￿￿YLWDPLQ￿'￿GHULYDWLYH￿WUHDWPHQW￿SHUIRUPHG￿EHWWHU￿LQ￿WHUPV￿RI
&RUWLFRVWHURLGV ￿SRWHQW￿
%HWDPHWKDVRQH￿GLSURSLRQDWH ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
'LIORUDVRQH￿GLDFHWDWH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
'HVRQLGH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
)OXWLFDVRQH SURSLRQDWH ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
+\GURFRUWLVRQHEXWHSUDWH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
0RPHWDVRQH￿IXURDWH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
&RUWLFRVWHURLGV ￿SRWHQW￿ ￿￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
&RUWLFRVWHURLGV ￿YHU\￿SRWHQW￿
$PFLQRQLGH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
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+DOFLQRQLGH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
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&RUWLFRVWHURLGV￿SRWHQW￿ 1RWHV
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6$( ￿￿ ￿￿￿￿ ￿QR￿HYHQWV￿
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￿ $￿UDQGRP￿HIIHFWV￿ULVN￿GLIIHUHQFH
￿'HU6LPRQLDQ￿/DLUG￿￿KDV￿EHHQ
HVWLPDWHG￿￿￿7KLV￿LV￿PRUH￿DSSURSULDWH
WKDQ￿D￿IL[HG￿HIIHFW￿PRGHO￿VLQFH
GHILQLWLRQV￿RI￿ZLWKGUDZDO￿DQG￿DGYHUVH
HYHQWV￿YDU\￿EHWZHHQ￿VWXGLHV￿
3RVLWLYH￿ULVN￿GLIIHUHQFH￿￿HYHQW￿PRUH
FRPPRQ￿RQ￿DFWLYH￿WKHUDS\￿
1HJDWLYH￿ULVN￿GLIIHUHQFH￿￿HYHQW￿PRUH
FRPPRQ￿RQ￿SODFHER￿
Ü :KHUH￿ERWK￿DUPV￿RI￿D￿WULDO￿UHFRUGHG
QR￿HYHQWV￿￿WKH￿GLIIHUHQFH￿LV￿JLYHQ￿DV
]HUR￿EXW￿D￿FRQILGHQFH￿LQWHUYDO￿LV￿QRW
HVWLPDWHG
15￿￿￿￿￿￿ 1RW￿UHFRUGHG
'LWKUDQRO
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7: 15
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$ORH￿9HUD￿H[WUDFW
7: ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
:$ ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
:) ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
$( ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
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VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH
7ULDO 'XUDWLRQ 'HVLJQ
9LWDPLQ￿'￿GHULYDWLYH YV￿FRUWLFRVWHURLG ￿SRWHQW￿
&DOFLSRWULRO￿YV￿ 'HVR[\PHWDVRQH .LP￿HW￿DO￿￿￿￿￿ ￿ ZNV ZLWKLQ
&DOFLSRWULRO￿YV￿ %HWDPHWKDVRQH￿9DOHUDWH &XQOLIIHHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
.UDJEDOOHHW￿DO￿￿￿￿￿￿ ￿ ZNV ZLWKLQ
0ROLQ HW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
.ODEHU HW￿DO￿￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
7DFDOFLWRO￿YV￿ %HWDPHWKDVRQH￿9DOHUDWH 6FDUSDHW￿DO￿￿￿￿￿￿ ￿ ZNV ZLWKLQ
6HLGHQDUL HW￿DO￿￿￿￿￿ ￿ ZNV ZLWKLQ
&DOFLSRWULRO￿YV￿ )OXRFLQRQLGH %UXFH￿HW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
&DOFLSRWULRO￿YV￿ 'LIORUDVRQH￿GLDFHWDWH 0HGDQVN\ HW￿DO￿￿￿￿￿￿ ￿ ZNV ZLWKLQ
9LWDPLQ￿'￿GHULYDWLYH YV￿FRUWLFRVWHURLG ￿YHU\￿SRWHQW￿
&DOFLSRWULRO￿YV￿ &OREHWDVRO SURSLRQDWH /DQGL HW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
9LWDPLQ￿'￿GHULYDWLYH YV￿GLWKUDQRO
&DOFLSRWULRO￿YV￿ 'LWKUDQRO %HUWK￿-RQHV￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
*UDWWDQHW￿DO￿￿￿￿￿￿ ￿ ZNV ZLWKLQ
/LVWHUHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
:DOO￿HW￿DO￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿PRQWKV SDUDOOHO
7DFDOFLWRO￿YV￿'LWKUDQRO )DUNDVHW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
9LWDPLQ￿'￿GHULYDWLYH YV￿￿&RDO￿WDU
&DOFLSRWULRO￿YV￿￿FRDO￿WDU 'H 6LPRQH HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
7KDP HW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
&DOFLSRWULRO￿YV￿FDOFLSRWULRO DQG FRUWLFRVWHURLG
&OREHWDVRO SURSLRQDWH￿WKHQ FDOFLSRWULRO $XVWDG HW￿DO￿￿￿￿￿￿ ￿ ZNV ZLWKLQ
&DOFLSRWULRO 20￿ &OREHWDVRQHEXW\UDWH￿21 .UDJEDOOHHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
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&DOFLSRWULRO 20￿ %HWDPHWKDVRQH￿GLSURSLRQDWH 21 2UWRQQHHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
&DOFLSRWULRO WKHQ 5X]LFND HW￿DO￿￿￿￿￿ ￿ ZNV SDUDOOHO
&DOFLSRWULRO 20￿ %HWDPHWKDVRQH￿YDOHUDWH 21
&DOFLSWULRO￿YV￿ FRUWLFRVWHURLG￿DQG￿VDOLF\OLF￿DFLG￿
%HWDPHWKDVRQH￿GLSURSLRQDWHDQG￿VDOLF\OLF￿DFLG 6FDUSD￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
%HWDPHWKDVRQH￿GLSURSLRQDWHDQG￿VDOLF\OLF￿DFLG &URVWL HW￿DO￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
&DOFLSWULRO￿YV￿￿FRDO￿WDU SRO\WKHUDS\
&RDO￿WDU￿DQG￿DOODQWRLQ DQG￿K\GURFRUWLVRQH￿FUHDP 3LQKHLUR￿￿￿￿￿￿ ￿￿ZNV SDUDOOHO
9LWDPLQ￿'￿GHULYDWLYH YV￿￿9LWDPLQ￿'￿GHULYDWLYH
&DOFLSRWULRO￿YV￿ &DOFLWURO %RXUNHHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
&DOFLSRWULRO￿YV￿ 7DOFDOFLWRO 9HLHQHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
'RVLQJ
&DOFLSRWULRO %' YV￿FDOFLSRWULRO 2' %DLRFFKL HW￿DO￿￿￿￿￿￿ ￿ ZNV ZLWKLQ
&DOFLSRWULRO %'YV￿FDOFLSRWULRO 20￿￿YHKLFOH￿21 .UDJEDOOHHW￿DO￿￿￿￿￿￿ ￿ ZNV SDUDOOHO
2FFOXVLRQ
&DOFLSRWULRO￿YV￿ FDOFLSRWULRO ZLWK￿RFFOXVLRQ %RXUNHHW￿DO￿￿￿￿￿￿ ￿￿ZNV ZLWKLQ
￿ 7ULDO￿RI￿VFDOS￿SVRULDVLV
20￿￿LQ￿WKH￿PRUQLQJ
21￿￿DW￿QLJKW
&DOFLSRWULRO￿LV￿XVHG￿WZLFH￿GDLO\￿XQOHVV￿LQGLFDWHG
7DFDOFLWRO￿LV￿XVHG￿RQFH￿GDLO\
￿￿ ￿￿￿ ￿￿ ￿￿￿ ￿￿ ￿￿￿
)DYRXUV￿YLWDPLQ￿'￿GHULYDWLYH￿ )DYRXUV￿DOWHUQDWLYH7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
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WKH￿WRSLFDO￿WUHDWPHQW￿RI￿SVRULDVLV￿￿VWDQGDUGLVHG￿ZHLJKWHG￿PHDQ￿GLIIHUHQFH
￿
9LWDPLQ￿'￿GHULYDWLYH￿FRPSDUHG￿ZLWK￿SRO\WKHUDS\
&RPSDULVRQ￿RI￿FDOFLSRWULRO￿WUHDWPHQW￿ZDV￿PDGH￿ZLWK￿FRPELQDWLRQ￿WKHUDS\￿LQYROYLQJ￿FDOFLSRWULRO
DQG￿D￿SRWHQW￿VWHURLG￿LQ￿WKUHH￿WULDOV￿SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD￿IRU￿￿￿￿￿SDWLHQWV￿￿￿2YHUDOO￿
FRPELQDWLRQ￿WKHUDS\￿DFKLHYHG￿D￿EHWWHU￿FOLQLFDO￿HIIHFW￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿FRUUHVSRQGLQJ
WR￿D￿￿￿￿￿SRLQW￿LPSURYHPHQW￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\￿6FRUH￿
&DOFLSRWULRO￿WUHDWPHQW￿ZDV￿FRPSDUHG￿ZLWK￿FRPELQDWLRQ￿WKHUDS\￿LQYROYLQJ￿FDOFLSRWULRO￿DQG￿D￿YHU\
SRWHQW￿VWHURLG￿LQ￿￿￿WULDOV￿SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD￿IRU￿￿￿￿￿SDWLHQWV￿￿￿7KHVH￿WULDOV￿IRXQG￿D￿QRQ￿
VWDWLVWLFDOO\￿VLJQLILFDQW￿WUHQG￿LQ￿FOLQLFDO￿HIIHFW￿IDYRXULQJ￿FRPELQDWLRQ￿WKHUDS\￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR
￿￿￿￿￿￿FRUUHVSRQGLQJ￿WR￿D￿￿￿￿￿SRLQW￿LPSURYHPHQW￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\￿6FRUH￿
9LWDPLQ￿'￿GHULYDWLYH YV￿ FRUWLFRVWHURLG ￿SRWHQW￿
&DOFLSRWULRO￿YV￿ 'HVR[\PHWDVRQH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿WR￿￿￿￿￿
&DOFLSRWULRO￿YV￿ %HWDPHWKDVRQH￿9DOHUDWH ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S ￿￿￿￿￿
7DFDOFLWRO￿YV￿ %HWDPHWKDVRQH￿9DOHUDWH ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
&DOFLSRWULRO￿YV￿ )OXRFLQRQLGH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿
&DOFLSRWULRO￿YV￿ 'LIORUDVRQH￿GLDFHWDWH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿WR￿￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYHYV￿FRUWLFRVWHURLG￿SRWHQW￿￿ ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S￿￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYH YV￿ FRUWLFRVWHURLG ￿YHU\￿SRWHQW￿
&DOFLSRWULRO￿YV￿ &OREHWDVROSURSLRQDWH ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYH YV￿ GLWKUDQRO
&DOFLSRWULRO￿YV￿ 'LWKUDQRO ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
7DFDOFLWRO￿YV￿'LWKUDQRO ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿WR￿￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYHYV￿GLWKUDQRO ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿4￿￿S￿￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYH YV￿￿FRDO￿WDU
&DOFLSRWULRO￿YV￿￿FRDO￿WDU￿ ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYH YV￿ 3RO\WKHUDS\￿
&DOFLSRWULRO￿YV￿ FDOFLSRWULRO DQG￿YHU\￿SRWHQW￿VWHURLG ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
&DOFLSRWULRO￿YV￿ FDOFLSRWULRO DQG￿SRWHQW￿VWHURLG ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
&DOFLSRWULRO￿YV￿￿SRWHQW￿VWHURLG￿DQG￿VDOLF\OLF￿DFLG ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S ￿￿￿￿
&DOFLSRWULRO￿YV￿￿FRDO￿WDU SRO\WKHUDS\ ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYH YV￿￿YLWDPLQ￿'￿GHULYDWLYH
&DOFLSRWULRO￿YV￿ &DOFLWURO ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
&DOFLSRWULRO￿YV￿ 7DOFDOFLWRO ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
'RVLQJ
&DOFLSRWULRO WZLFH YVRQFH￿GDLO\ ￿￿￿WULDOV￿￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿4￿￿S￿ ￿￿￿￿
2FFOXVLRQ
&DOFLSRWULRO￿YV￿ FDOFLSRWULRO ZLWK￿RFFOXVLRQ￿ ￿￿￿WULDO￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿WR￿￿￿￿￿
￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿
)DYRXUV￿YLWDPLQ￿'￿GHULYDWLYH￿ )DYRXUV￿DOWHUQDWLYH
¬ 3RROHG￿HVWLPDWHV￿DUH￿FDOFXODWHG￿XVLQJ￿D 'HU6LPRQLDQ￿/DLUGUDQGRP￿HIIHFWV￿PRGHO￿￿￿$OVR￿VKRZQ￿LV￿WKH￿µ4￿￿VWDWLVWLF￿IRU￿FRPELQDELOLW\7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
&DOFLSRWULRO￿ZDV￿FRPSDUHG￿ZLWK￿FRPELQDWLRQ￿WKHUDS\￿LQYROYLQJ￿D￿SRWHQW￿VWHURLG￿DQG￿VDOLF\FOLF￿DFLG
LQ￿￿￿WULDOV￿SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD￿IRU￿￿￿￿￿SDWLHQWV￿￿￿7KHVH￿WULDOV￿IRXQG￿QR￿GLIIHUHQFH￿LQ
FOLQLFDO￿HIIHFW￿EHWZHHQ￿WKHUDSLHV￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿
2QH￿WULDO￿SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD￿IRU￿￿￿￿￿SDWLHQWV￿UHSRUWHG￿D￿IDYRXUDEOH￿FOLQLFDO￿HIIHFW￿IRU
FDOFLSRWULRO￿ZKHQ￿FRPSDUHG￿WR￿D￿FRDO￿WDU￿￿DOODQWRLQ￿DQG￿K\GURFRUWLVRQH￿FUHDP￿FRPELQDWLRQ￿￿￿￿￿￿￿￿
￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿FRUUHVSRQGLQJ￿WR￿D￿￿￿￿￿SRLQW￿LPSURYHPHQW￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6HYHULW\
6FRUH￿
2YHUDOO￿WKHUH￿ZDV￿QR￿VLJQLILFDQW￿GLIIHUHQFH￿LQ￿UHSRUWHG￿DGYHUVH￿HYHQWV￿RU￿ZLWKGUDZDO￿FRPSDULQJ
VLQJOH￿DQG￿FRPELQDWLRQ￿WKHUDS\￿￿7DEOH￿￿￿￿
9LWDPLQ￿'￿GHULYDWLYH￿FRPSDUHG￿ZLWK￿YLWDPLQ￿'￿GHULYDWLYH
&DOFLSRWULRO￿WUHDWPHQW￿ZDV￿FRPSDUHG￿ZLWK￿FDOFLWULRO￿LQ￿RQH VPDOO￿WULDO￿SURYLGLQJ￿HIIHFWLYHQHVV￿GDWD
IURP￿￿￿￿SDWLHQWV￿￿￿7KLV￿WULDO￿IRXQG￿D￿VWDWLVWLFDOO\￿VLJQLILFDQW￿GLIIHUHQFH￿IDYRXULQJ￿FDOFLSRWULRO￿￿￿￿￿￿￿
￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿￿&DOFLSRWULRO￿WUHDWPHQW￿ZDV￿FRPSDUHG￿ZLWK￿WDFDOFLWRO￿LQ￿RQH￿WULDO￿SURYLGLQJ
HIIHFWLYHQHVV￿GDWD￿IURP￿￿￿￿￿SDWLHQWV￿￿￿7KLV￿WULDO￿VLPLODUO\￿IRXQG￿D￿VWDWLVWLFDOO\￿VLJQLILFDQW￿GLIIHUHQFH
IDYRXULQJ￿FDOFLSRWULRO￿￿￿￿￿￿￿￿￿￿￿￿&,￿￿￿￿￿￿￿￿WR￿￿￿￿￿￿￿￿￿￿1R￿GLIIHUHQFH￿LQ￿DGYHUVH￿HYHQWV￿RU￿LQ
ZLWKGUDZDO￿ZDV￿UHSRUWHG￿LQ￿WKHVH￿WULDOV￿￿￿7KH￿UHVXOWV￿RI￿WKH￿WZR￿KHDG￿WR￿KHDG￿WULDOV￿DUH
LQFRQVLVWHQW￿ZLWK￿WKH￿UHVXOWV￿RI￿SODFHER￿FRQWUROOHG￿WULDOV￿￿ZKLFK￿VXJJHVW￿VLPLODU￿HIIHFWLYHQHVV￿IRU
HDFK￿WUHDWPHQW￿ZKHQ￿FRPSDUHG￿ZLWK￿SODFHER￿￿￿)URP￿WKH￿KHDG￿WR￿KHDG￿WULDO￿￿WKH￿GLIIHUHQFH
IDYRXULQJ￿FDOFLSRWULRO￿RYHU￿WDOFDOFLWRO￿LV￿D￿RQH￿SRLQW￿GLIIHUHQFH￿RQ￿D￿￿￿￿SRLQW￿7RWDO￿6LJQ￿6FRUH￿
6FDOS￿DQG￿QDLO￿SVRULDVLV
:H￿UHWULHYHG￿VHYHQ￿SODFHER￿FRQWUROOHG￿WULDOV￿RI￿WRSLFDO￿WUHDWPHQWV￿IRU￿VFDOS￿SVRULDVLV￿￿￿5HVXOWV
IURP￿WKHVH￿WULDOV￿DUH￿FRQVLVWHQW￿ZLWK￿WULDOV￿LQYROYLQJ￿WUHDWPHQW￿RI￿WKH￿WUXQN￿RU￿OLPEV￿￿)LJXUH￿￿￿￿
6LPLODUO\￿￿RQH￿KHDG￿WR￿KHDG￿WULDO￿LQ￿VFDOS￿SVRULDVLV￿GHPRQVWUDWHG￿QR￿WKHUDSHXWLF￿GLIIHUHQFH
EHWZHHQ￿D￿YLWDPLQ￿'￿GHULYDWLYH￿DQG￿SRWHQW￿VWHURLG￿FRQVLVWHQW￿ZLWK￿RWKHU￿WULDOV￿￿￿7KH￿UHVXOWV￿RI￿WZR
SLYRWDO￿WULDOV￿RI￿FDOFLSRWULRO￿YHUVXV￿LWV￿YHKLFOH￿LQ￿￿￿￿￿DQG￿￿￿￿￿SDWLHQWV￿ZHUH￿UHSRUWHG￿LQ￿DEVWUDFW￿LQ
￿￿￿￿￿>￿￿￿￿￿￿@￿￿EXW￿KDYH￿QRW￿VXEVHTXHQWO\￿EHHQ￿IXOO\￿UHSRUWHG￿DQG￿DGHTXDWH￿GDWD￿ZHUH
XQDYDLODEOH￿
6XUSULVLQJO\￿￿FRQVLGHULQJ￿WKH￿SUHYDOHQFH￿RI￿QDLO￿SVRULDVLV￿￿ZH￿UHWULHYHG￿RQO\￿RQH￿WULDO￿FRPSDULQJ￿D
YLWDPLQ￿'￿GHULYDWLYH￿WUHDWPHQW￿DQG￿D￿SRWHQW￿VWHURLG￿LQ￿FRPELQDWLRQ￿ZLWK￿VDOLF\OLF￿DFLG￿>￿￿￿@￿
$OWKRXJK￿WKH￿DQDO\VLV￿ZDV￿VWDWLVWLFDOO\￿IODZHG￿￿WKH￿DOWHUQDWLYHV￿GHPRQVWUDWH￿QR￿VLJQLILFDQW
GLIIHUHQW￿LQ￿ILQJHUQDLO￿RU￿WRHQDLO￿K\SHUNHUDWRVLV￿DIWHU￿WKUHH￿PRQWKV￿FRQVLVWHQW￿ZLWK￿WKH￿UHVXOWV￿RI
WULDOV￿RI￿WKH￿WUXQN￿RU￿OLPEV￿
/RQJ￿WHUP￿RXWFRPHV
$￿QXPEHU￿RI￿UDQGRPLVHG￿FRQWUROOHG￿WULDOV￿FRQWLQXHG￿IROORZLQJ￿SDWLHQWV￿IRU￿SHULRGV￿EH\RQG
WUHDWPHQW￿￿￿4XDOLWDWLYHO\￿WKHVH￿VWXGLHV￿VKRZ￿D￿FRPPRQ￿WUHQG￿RI￿JUDGXDOO\￿ZRUVHQLQJ￿SVRULDVLV￿RQ
FHVVDWLRQ￿RI￿WUHDWPHQW￿
7ZR￿WULDOV￿UDQGRPLVHG￿SRWHQW￿VWHURLG￿WUHDWPHQW￿UHVSRQGHUV￿WR￿HLWKHU￿DQ￿LQWHUPLWWHQW￿PDLQWHQDQFH
UHJLPH￿￿WKUHH￿DSSOLFDWLRQV￿HDFK￿ZHHNHQG￿￿RU￿WR￿QR￿PDLQWHQDQFH￿￿DQG￿SURYLGHG￿GDWD￿RQ￿￿￿￿
SDWLHQWV￿>￿￿￿￿￿￿@￿￿￿7DNHQ￿WRJHWKHU￿￿WKHVH￿WULDOV￿LQGLFDWH￿RYHU￿D￿VL[￿PRQWK￿SHULRG￿WKDW￿SDWLHQWV￿ZHUH
PRUH￿WKDQ￿WKUHH￿WLPHV￿DV￿OLNHO\￿WR￿VWD\￿LQ￿UHPLVVLRQ￿￿5HODWLYH￿5LVN￿ ￿￿￿￿￿￿￿￿￿￿￿&,￿ ￿￿￿￿￿￿WR￿￿￿￿￿￿￿
DQ￿DEVROXWH￿UHGXFWLRQ￿LQ￿UHODSVH￿RI￿QHDUO\￿KDOI￿￿￿￿￿￿￿￿￿￿￿￿&,￿ ￿￿￿￿￿￿WR￿￿￿￿￿￿￿
:H￿LGHQWLILHG￿QR￿ORQJ￿WHUP￿VWXGLHV￿LQYROYLQJ￿VXEVWDQWLDO￿QXPEHUV￿RI￿SDWLHQWV￿ZLWK￿SVRULDVLV￿DQG
WKDW￿DVVHVVHG￿WKH￿VHTXHODH￿RI￿ORQJ￿WHUP￿SRWHQW￿VWHURLG￿XVH￿￿￿$YDLODEOH￿VWXGLHV￿GHPRQVWUDWH￿WKH
DVVRFLDWLRQ￿EHWZHHQ￿SURORQJHG￿WRSLFDO￿VWHURLG￿XVH￿DQG￿VNLQ￿EDVDO￿OD\HU￿IUDJPHQWDWLRQ￿￿DOWKRXJK
WKLV￿LV￿GHPRQVWUDEO\￿PRUH￿PDUNHG￿DIWHU￿XVH￿LQ￿H[FHVV￿RI￿VL[￿\HDUV￿>￿￿@￿￿￿6KRUW￿WHUP￿VWXGLHV￿KDYH
DWWHPSWHG￿WR￿TXDQWLI\￿WKH￿DWURSKRJHQLF￿SRWHQWLDO￿RI￿WRSLFDO￿VWHURLGV￿>￿￿@￿￿￿,W￿LV￿XQFOHDU￿KRZ7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
7DEOH￿￿￿￿:LWKGUDZDO￿DQG￿DGYHUVH￿HYHQWV￿LQ￿KHDG￿WR￿KHDG￿WULDOV
1R￿￿RI￿WULDOV 5LVN
GLIIHUHQFH￿
￿￿￿￿&RQILGHQFH
LQWHUYDO
+HWHURJHQHLW\￿
4￿￿S￿
YV￿￿&RUWLFRVWHURLGV￿￿SRWHQW￿ 1RWHV
7: ￿ ￿￿￿￿ ￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿ 7:￿ 7RWDO￿ZLWKGUDZDO
:$ ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿￿ :$￿ :LWKGUDZDO￿GXH￿WR￿DGYHUVH￿HYHQWV
:) ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿ :)￿ :LWKGUDZDO￿GXH￿WR￿WUHDWPHQW￿IDLOXUH
$( ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿￿ $(￿ /RFDO￿DGYHUVH￿HYHQWV
6$( ￿ ￿￿￿￿ ￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿ 6$(￿ 6\VWHPLF￿DGYHUVH￿HYHQWV
YV￿￿&RUWLFRVWHURLGV￿￿YHU\￿SRWHQW￿
7: ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
:$ ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
:) ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
$( ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
6$( ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
YV￿￿'LWKUDQRO
7: ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
:$ ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿￿ ￿￿￿￿
:) ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
$( ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿￿ ￿￿￿￿
6$( ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
YV￿￿&RDO￿7DU
7: ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
:$ ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
:) ￿ ￿￿￿￿ ￿QR￿HYHQWV￿ Ü
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6$( ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
￿ 5DQGRP￿HIIHFWV￿ULVN￿GLIIHUHQFH￿
3RVLWLYH￿ULVN￿GLIIHUHQFH￿￿HYHQW￿PRUH
FRPPRQ￿RQ￿YLWDPLQ￿'￿GHULYDWLYH
WUHDWPHQW￿
1HJDWLYH￿ULVN￿GLIIHUHQFH￿￿HYHQW
PRUH￿FRPPRQ￿RQ￿FRPSDULVRQ
WUHDWPHQW￿
Ü :KHUH￿ERWK￿DUPV￿RI￿D￿WULDO
UHFRUGHG￿QR￿HYHQWV￿￿WKH￿GLIIHUHQFH
LV￿JLYHQ￿DV￿]HUR￿EXW￿D￿FRQILGHQFH
LQWHUYDO￿LV￿QRW￿HVWLPDWHG
15￿￿￿￿￿￿ 1RW￿UHFRUGHG
YV￿￿SRO\WKHUDS\
7: ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
:$ ￿ ￿￿￿￿ ￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
:) ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
$( ￿ ￿￿￿￿ ￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
6$( ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿￿
YV￿￿DQRWKHU￿YLWDPLQ￿'￿
7: ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
:$ ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
:) ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
$( ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
6$( ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
'RVLQJ
7: ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
:$ ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
:) ￿ ￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
$( ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿
6$( ￿ ￿￿￿￿￿ ￿￿￿￿￿￿WR￿￿￿￿￿ ￿￿￿￿
YV￿￿￿RFFOXVLRQ
7: ￿ ￿￿￿￿ ￿QR￿HYHQWV￿
:$￿:)￿$( 15
6$( ￿ ￿￿￿￿ ￿QR￿HYHQWV￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
FRPPRQ￿RU￿PDUNHG￿VXFK￿SUREOHPV￿DUH￿LQ￿SDWLHQWV￿ZKR￿PDNH￿LQWHUPLWWHQW￿XVH￿RI￿VWHURLGV￿ZLWK
DSSURSULDWH￿PDLQWHQDQFH￿VWUDWHJLHV￿
:H￿UHWULHYHG￿WKUHH￿ORQJ￿WHUP￿XQFRQWUROOHG￿VWXGLHV￿RI￿FDOFLSRWULRO￿DQG￿RQH￿RI￿WDOFDOFLWRO￿ZLWK￿XS￿WR￿D
\HDU￿DQG￿D￿KDOI￿LQ￿IROORZ￿XS￿>￿￿￿￿￿￿￿@￿￿￿&RPSDUDWLYHO\￿￿WKH\￿SURYLGH￿QR￿XVHIXO￿LQIRUPDWLRQ￿VLQFH￿LW
LV￿QRW￿SRVVLEOH￿WR￿VD\￿KRZ￿HQUROOHG￿SDWLHQWV￿ZRXOG￿KDYH￿IDLUHG￿XQGHU￿DOWHUQDWLYH￿WUHDWPHQW
UHJLPHQV￿￿￿+RZHYHU￿￿RYHU￿PRUH￿UHDOLVWLF￿WUHDWPHQW￿SHULRGV￿WKDQ￿WKH￿GXUDWLRQ￿RI￿PRVW￿UDQGRPLVHG
WULDOV￿￿WKHVH￿VWXGLHV￿LQGLFDWH￿WKDW￿LQLWLDO￿JDLQV￿IURP￿WUHDWPHQW￿FDQ￿EH￿PDLQWDLQHG￿RYHU￿ORQJHU
SHULRGV￿LQ￿D￿PDMRULW\￿RI￿SDWLHQWV￿￿ZLWK￿WKH￿PRVW￿FRPPRQ￿DGYHUVH￿HYHQW￿EHLQJ￿OHVLRQDO￿LUULWDWLRQ￿LQ
DERXW￿￿￿￿￿￿￿￿RI￿SDWLHQWV￿￿￿5HDVRQV￿IRU￿ZLWKGUDZDO￿KDYH￿QRW￿EHHQ￿UHFRUGHG￿FRQVLVWHQWO\￿RU￿LQ￿D
EOLQGHG￿IDVKLRQ￿LQ￿WKHVH￿VWXGLHV￿￿EXW￿EHWZHHQ￿RQH￿TXDUWHU￿DQG￿RQH￿KDOI￿RI￿SDWLHQWV￿ZHUH￿ORVW￿WR
IROORZ￿XS￿RU￿ZLWKGUDZQ￿IURP￿WUHDWPHQW￿DIWHU￿HQUROPHQW￿￿￿+\SHUFDOFDHPLD￿ZDV￿YHU\￿UDUH￿￿UHSRUWV￿RI
LWV￿RFFXUUHQFH￿LQ￿WKHVH￿VWXGLHV￿UDQJHG￿IURP￿￿￿￿WR￿￿￿￿￿￿RI￿SDWLHQWV￿
7KH￿HFRQRPLFV￿RI￿WUHDWPHQW
$￿QXPEHU￿RI￿VWXGLHV￿KDYH￿ORRNHG￿DW￿HFRQRPLF￿DVSHFWV￿RI￿SVRULDVLV￿￿￿7KHVH￿LQFOXGH￿FRVW￿RI￿LOOQHVV
VWXGLHV￿>￿￿￿￿￿￿￿@￿￿TXDOLW\￿RI￿OLIH￿>￿￿￿￿￿￿￿@￿￿PHWKRGRORJLFDO￿LVVXHV￿>￿￿￿￿￿￿￿@￿DQG￿FRVW￿
HIIHFWLYHQHVV￿DQDO\VHV￿>￿￿￿￿￿￿￿@￿￿￿7KHVH￿DQDO\VHV￿LQYROYH￿D￿UDQJH￿RI￿PRGHOOLQJ￿DSSURDFKHV￿DQG
DVVXPSWLRQV￿￿￿2XU￿UHYLHZ￿UHYHDOV￿QR￿VXEVWDQWLDO￿YDULDWLRQV￿LQ￿WROHUDELOLW\￿RU￿HIIHFWLYHQHVV￿IRU￿PRVW
WUHDWPHQW￿FRPSDULVRQV￿￿DQG￿QR￿WULDOV￿SURYLGH￿UREXVW￿UHVRXUFH￿GDWD￿RQ￿WKH￿FRQVHTXHQFHV￿RI
PDQDJLQJ￿WUHDWPHQW￿IDLOXUH￿￿￿&RQVHTXHQWO\￿￿HFRQRPLF￿PRGHOOLQJ￿EH\RQG￿WKH￿GXUDWLRQ￿RI￿WULDOV
ZRXOG￿EH￿VSHFXODWLYH￿DQG￿XQLQIRUPDWLYH￿￿￿,Q￿WKH￿OLJKW￿RI￿DYDLODEOH￿GDWD￿￿D￿®FRVW￿DQG￿FRQVHTXHQFHV©
DSSURDFK￿PD\￿EH￿PRVW￿LQIRUPDWLYH￿WR￿FOLQLFLDQV￿￿DW￿OHDVW￿ZKHQ￿GLVFXVVLQJ￿ILUVW￿OLQH￿WUHDWPHQW￿￿￿7KH
UHODWLYH￿VKRUW￿WHUP￿FOLQLFDO￿SHUIRUPDQFH￿RI￿WRSLFDO￿DQWL￿SVRULDWLF￿WKHUDSLHV￿FDQ￿EH￿VHW￿DJDLQVW￿WKHLU
UHLPEXUVHG￿FRVWV￿￿￿:KLOH￿LW￿LV￿DFFHSWHG￿WKDW￿ORQJ￿WHUP￿VHTXHODH￿LQ￿SDWLHQWV￿QRW￿UHVSRQGLQJ￿WR
WUHDWPHQW￿PD\￿EH￿YHU\￿LPSRUWDQW￿ZKHQ￿FRQVLGHULQJ￿RYHUDOO￿FRVWV￿DQG￿EHQHILWV￿￿WKHUH￿DUH￿QR￿JRRG
FRPSDUDWLYH￿GDWD￿RQ￿WKHVH￿FRVWV￿ZLWK￿ZKLFK￿WR￿GLVWLQJXLVK￿EHWZHHQ￿WUHDWPHQWV￿
',6&866,21
2Q￿WKH￿EDVLV￿RI￿VKRUW￿WHUP￿￿UDQGRPLVHG￿￿SODFHER￿FRQWUROOHG￿WULDOV￿WKHUH￿DUH￿QR￿WKHUDSHXWLF
DGYDQWDJHV￿IRU￿WKH￿QHZHU￿WUHDWPHQWV￿RYHU￿WKH￿ROGHU￿RQHV￿￿HLWKHU￿LQ￿FOLQLFDO￿HIIHFW￿￿ZLWKGUDZDO￿RI
WUHDWPHQW￿RU￿UHSRUWLQJ￿RI￿ORFDO￿RU￿V\VWHPLF￿DGYHUVH￿HYHQWV￿￿￿+HDG￿WR￿KHDG￿VWXGLHV￿RI￿YLWDPLQ￿'￿
GHULYDWLYH￿WUHDWPHQWV￿SURYLGH￿VRPH￿HYLGHQFH￿FRQIOLFWLQJ￿ZLWK￿WKLV￿VLPSOH￿PHVVDJH￿
:KHQ￿FRPSDULQJ￿WULDOV￿ERWK￿ZLWKLQ￿DQG￿DFURVV￿WKHUDSHXWLF￿FODVV￿￿WKH￿VXPPDU\￿HVWLPDWHV￿RIWHQ
GHPRQVWUDWH￿VXEVWDQWLDO￿KHWHURJHQHLW\￿￿￿,W￿ZRXOG￿EH￿WHPSWLQJ￿WR￿WU\￿WR￿ILQG￿UHDVRQV￿IRU￿LQGLYLGXDO
GLIIHUHQFHV￿￿EXW￿WKHUH￿DUH￿WRR￿PDQ\￿SRVVLEOH￿H[SODQDWLRQV￿DQG￿WRR￿IHZ￿WULDOV￿WR￿GR￿WKLV￿￿UHDVRQV
PLJKW￿LQFOXGH￿GLIIHUHQFHV￿LQ￿WULDO￿GHVLJQ￿￿OHQJWK￿RI￿IROORZ￿XS￿￿SDWLHQW￿VHOHFWLRQ￿￿DGHTXDF\￿RI
FRQFHDOPHQW￿RI￿DOORFDWLRQ￿￿DGHTXDF\￿RI￿EOLQGLQJ￿￿DQG￿VRXUFH￿RI￿IXQGLQJ￿￿￿&RQFHDOPHQW￿RI
DOORFDWLRQ￿￿SUHYHQWLQJ￿WKH￿LQYHVWLJDWRU￿RU￿FOLQLFLDQ￿IURP￿KDYLQJ￿DQ\￿LQIOXHQFH￿￿LPSOLFLW￿RU￿H[SOLFLW￿
XSRQ￿WKH￿WUHDWPHQW￿D￿SDWLHQW￿LV￿DOORFDWHG￿WR￿￿LV￿FLWHG￿DV￿D￿XVHIXO￿TXDOLW\￿PDUNHU￿WR￿FDWHJRULVH￿WULDOV￿
7ULDOV￿VHOGRP￿SURYLGHG￿DGHTXDWH￿PHWKRGRORJLFDO￿GHWDLO￿WR￿DVFHUWDLQ￿WKDW￿FRQFHDOPHQW￿KDG￿EHHQ
DFKLHYHG￿￿￿6LPLODUO\￿￿PDQ\￿WULDOV￿SURYLGHG￿LQDGHTXDWH￿GHWDLOV￿RI￿IXQGLQJ￿VRXUFHV￿
7KH￿GXUDWLRQ￿RI￿WUHDWPHQW￿LQ￿PRVW￿WULDOV￿LV￿EHWZHHQ￿￿￿DQG￿￿￿ZHHNV￿￿ZKLFK￿DSSHDUV￿DQ￿LQDGHTXDWH
SHULRG￿HLWKHU￿WR￿UHIOHFW￿WKH￿PDQDJHPHQW￿RI￿PDQ\￿SDWLHQWV￿RU WR￿GHWHFW￿VXEFXWDQHRXV￿DGYHUVH
HIIHFWV￿ 6RPH￿ORQJHU￿WHUP￿XQFRQWUROOHG￿VWXGLHV￿KDYH￿EHHQ￿FRQGXFWHG￿￿￿+RZHYHU￿￿WKH￿RXWFRPH
IURP￿D￿FDVH￿VHULHV￿DSSOLHV￿WR￿WKDW￿SDUWLFXODU￿VHOHFWLRQ￿RI￿SDWLHQWV￿ZLWK￿WKHLU￿RZQ￿EDVHOLQH
FKDUDFWHULVWLFV￿DQG￿GLVHDVH￿SURJUHVVLRQ￿￿DV￿ZHOO￿DV￿XVH￿RI￿DQWL￿SVRULDWLF￿WUHDWPHQWV￿DQG￿RWKHU
KHDOWK￿FDUH￿￿￿7R￿FKRRVH￿EHWZHHQ￿WUHDWPHQWV￿RQ￿WKH￿EDVLV￿RI￿VXFK￿GDWD￿LV￿QRW￿VFLHQWLILF￿
3UHYHQWLRQ￿RI￿UHODSVH￿￿DIWHU￿LQLWLDO￿UHVSRQVH￿ZLWK￿VWHURLGV￿￿KDV￿EHHQ￿LQYHVWLJDWHG￿H[SHULPHQWDOO\￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
LQWHUPLWWHQW￿WKHUDS\￿LV￿DQ￿LPSRUWDQW￿EULGJLQJ￿RU￿VWHS￿GRZQ￿VWUDWHJ\￿>￿￿￿￿￿￿@￿￿￿7KLV￿UHVHDUFK￿ZDV￿LQ
UHVSRQVH￿WR￿WKH￿DZDUHQHVV￿RI￿WKH￿UHERXQG￿SKHQRPHQRQ￿DVVRFLDWHG￿ZLWK￿VWHURLGV￿￿EXW￿LW￿LV
XQFOHDU￿WR￿ZKDW￿H[WHQW￿UHERXQG￿LV￿FDXVHG￿E\￿FHVVDWLRQ￿RI￿WKH￿VWHURLG￿DV￿RSSRVHG￿WR￿WKH￿FHVVDWLRQ
RI￿DQ\￿WUHDWPHQW￿SHU￿VH￿
7KH￿LPSRUWDQFH￿RI￿FRVPHWLF￿DFFHSWDELOLW\￿XSRQ￿FRPSOLDQFH￿KDV￿LPSOLFDWLRQV￿IRU￿GLWKUDQRO￿DQG￿WDU￿
'LWKUDQRO￿VKRZHG￿VLJQLILFDQWO\￿KLJKHU￿UHSRUWLQJ￿RI￿ORFDO￿DGYHUVH￿HYHQWV￿WKDQ￿ERWK￿SODFHER￿DQG
YLWDPLQ￿'￿￿WUHDWPHQW￿DOWKRXJK￿WULDO￿GDWD￿RQ￿FRDO￿WDU￿DUH￿LQFRQFOXVLYH￿￿7KH￿SHUFHLYHG￿FOLQLFDO
LPSRUWDQFH￿RI￿FRVPHWLF￿DFFHSWDELOLW\￿XSRQ￿ORQJ￿WHUP￿FRPSOLDQFH￿DQG￿RXWFRPH￿UHTXLUHV￿IXUWKHU
UHVHDUFK￿
&RPSDUDWLYH￿ORQJ￿WHUP￿RXWFRPH￿DQG￿GLVHDVH￿SURJUHVVLRQ￿DVVRFLDWHG￿ZLWK￿GLIIHUHQW￿WUHDWPHQWV￿LV
XQGHU￿UHVHDUFKHG￿￿DOWKRXJK￿PDLQWHQDQFH￿GRVLQJ￿WR￿SUHYHQW￿UHODSVH￿DQG￿SRO\WKHUDS\￿IRU￿FKURQLF
SVRULDVLV￿PHULW￿IXUWKHU￿LQYHVWLJDWLRQ￿￿9HU\￿IHZ￿VWXGLHV￿KDYH￿HQUROOHG￿FKLOGUHQ￿DQG￿WKH￿HYLGHQFH
EDVH￿IRU￿WKLV￿SDWLHQW￿JURXS￿LV￿SDUWLFXODUO\￿VSDUVH￿￿:HOO￿GHVLJQHG￿UDQGRPLVHG￿WULDOV￿FRXOG￿KHOS￿WR
LGHQWLI\￿DSSURSULDWH￿ORQJ￿WHUP￿FDUH￿WR￿ERWK￿PLQLPLVH￿KDUP￿DQG￿PDNH￿EHVW￿XVH￿RI￿DYDLODEOH
UHVRXUFHV￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
5()(5(1&(6
￿ %RQLIDWL￿&￿￿&DUGXFFL￿0￿￿0XVVL￿$￿￿'￿DXULD￿/￿￿$PHJOLR￿)￿￿￿5HFRJQLWLRQ￿DQG￿7UHDWPHQW￿RI￿3VRULDVLV￿
6SHFLDO￿&RQVLGHUDWLRQV￿LQ￿(OGHUO\￿3DWLHQWV￿￿￿'UXJV￿DQG￿$JHLQJ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ )DUEHU￿(0￿￿1DOO￿/￿￿￿1DLO￿3VRULDVLV￿￿￿&XWLV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ 'H￿-RQJ￿(0*-￿￿￿7KH￿&RXUVH￿RI￿3VRULDVLV￿￿￿&OLQLFV￿LQ￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ 6WHUQ￿56￿￿￿(SLGHPLRORJ\￿RI￿3VRULDVLV￿￿￿'HUPDWRORJLF￿&OLQLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ $QRQ\PRXV￿￿7KH￿0DQDJHPHQW￿RI￿3VRULDVLV￿￿'UXJ￿￿￿7KHUDSHXWLFV￿%XOOHWLQ ￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ 7RPIRKUGH￿-￿￿6LOYHUPDQ￿$￿￿%DUQHV￿5￿￿)HUQDQGH]￿9LQD￿0$￿￿<RXQJ￿0￿￿/RU\￿'￿￿0RUULV￿/￿￿:XHSSHU￿.'￿
6WDVWQ\￿3￿￿0HQWHU￿$￿￿%RZFRFN￿$￿￿￿*HQH￿IRU￿IDPLOLDO￿SVRULDVLV￿VXVFHSWLELOLW\￿PDSSHG￿WR￿GLVWDO￿HQG￿RI
KXPDQ￿FKURPRVRPH￿￿￿T￿￿6FLHQFH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ 7D]L￿$KQLQL￿5￿￿&DPS￿1-￿￿&RUN￿0-￿￿0HH￿-%￿￿.HRKDQH￿6*￿￿'XII￿*:￿￿GL￿*LRYLQH￿)6￿￿￿1RYHO￿JHQHWLF
DVVRFLDWLRQ￿EHWZHHQ￿WKH￿FRUQHRGHVPRVLQ￿￿0+&￿6￿￿JHQH￿DQG￿VXVFHSWLELOLW\￿WR￿SVRULDVLV￿￿￿+XPDQ
0ROHFXODU￿*HQHWLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ 1DLU￿53￿￿6WXDUW￿3￿￿+HQVHOHU￿7￿￿-HQLVFK￿6￿￿&KLD￿19￿￿:HVWSKDO￿(￿￿6FKRUN￿1-￿￿.LP￿-￿￿/LP￿+:￿
&KULVWRSKHUV￿(￿￿9RRUKHHV￿--￿￿(OGHU￿-7￿￿￿/RFDOL]DWLRQ￿RI￿SVRULDVLV￿VXVFHSWLELOLW\￿ORFXV￿36256￿￿WR￿D￿￿￿￿
NE￿LQWHUYDO￿WHORPHULF￿WR￿+/$￿&￿￿￿$PHULFDQ￿-RXUQDO￿RI￿+XPDQ￿*HQHWLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿ -HQLVFK￿6￿￿:HVWSKDO￿(￿￿1DLU￿53￿￿6WXDUW￿3￿￿9RRUKHHV￿--￿￿&KULVWRSKHUV￿(￿￿.URQNH￿0￿￿(OGHU￿-7￿￿+HQVHOHU
7￿￿￿/LQNDJH￿GLVHTXLOLEULXP￿DQDO\VLV￿RI￿IDPLOLDO￿SVRULDVLV￿￿LGHQWLILFDWLRQ￿RI￿PXOWLSOH￿GLVHDVH￿DVVRFLDWHG
0+&￿KDSORW\SHV￿￿￿7LVVXH￿$QWLJHQV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ :DWWV￿-￿￿￿+HOSLQJ￿3HRSOH￿WR￿5HPDLQ￿LQ￿&RQWURO￿RI￿7KHLU￿3VRULDVLV￿￿￿&RPPXQLW\￿1XUVH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ *X]]R￿&￿￿￿5HFHQW￿$GYDQFHV￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿'HUPDWRORJLF￿&OLQLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 7DJDPL￿+￿￿￿7ULJJHULQJ￿)DFWRUV￿￿￿&OLQLFV￿LQ￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 9DQ￿'H￿.HUNKRI￿3&0￿￿￿&RPELQDWLRQV￿DQG￿&RPSDULVRQV￿￿￿&OLQLFV￿LQ￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %ULWLVK￿0HGLFDO￿$VVRFLDWLRQ￿DQG￿5R\DO￿3KDUPDFHXWLFDO￿6RFLHW\￿RI￿*UHDW￿%ULWDLQ￿￿￿%ULWLVK￿1DWLRQDO
)RUPXODU\￿￿1R￿￿￿￿￿￿0DUFK￿￿￿￿￿￿￿%0-￿%RRNV￿￿/RQGRQ￿
￿￿ 9DQ￿'H￿.HUNKRI￿3&￿￿￿7KH￿0DQDJHPHQW￿2I￿3VRULDVLV￿￿￿1HWKHUODQGV￿-RXUQDO￿2I￿0HGLFLQH￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿
￿￿ $UQROG￿:3￿￿7DU￿￿&OLQLFV￿,Q￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ /LGHQ￿6￿￿￿2SWLPDO￿HIILFDF\￿RI￿WRSLFDO￿FRUWLFRLGV￿LQ￿SVRULDVLV￿￿￿6HPLQDUV￿LQ￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿
￿￿ 0DUNV￿5￿￿￿&OLQLFDO￿6DIHW\￿2I￿7D]DURWHQH￿,Q￿7KH￿7UHDWPHQW￿2I￿3ODTXH￿3VRULDVLV￿￿￿-RXUQDO￿2I￿7KH
$PHULFDQ￿$FDGHP\￿2I￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿6￿￿￿￿￿
￿￿ 86￿'UXJ￿)DFWV￿DQG￿&RPSDULVRQV￿+DQGERRN￿￿￿￿￿￿￿￿(GLWLRQ￿￿:ROWHUV￿.OXZHU￿&RPSDQ\
￿￿ %HUWK￿-RQHV￿-￿￿+XWFKLQVRQ￿3(￿￿￿9LWDPLQ￿'￿$QDORJXHV￿$QG￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿2I￿'HUPDWRORJ\
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .UDJEDOOH￿.￿￿￿7UHDWPHQW￿2I￿3VRULDVLV￿:LWK￿&DOFLSRWULRO￿$QG￿2WKHU￿9LWDPLQ￿'￿$QDORJXHV￿￿￿-RXUQDO￿2I
7KH￿$PHULFDQ￿$FDGHP\￿2I￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ )RJK￿.￿￿.UDJEDOOH￿.￿￿￿9LWDPLQ￿'￿￿$QDORJXHV￿￿￿&OLQLFV￿,Q￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 3HWHUV￿'&￿￿%DOIRXU￿-$￿￿￿7DFDOFLWRO￿￿￿'UXJV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .RR￿-￿￿1JX\HQ￿4￿￿*DPEOD￿&￿￿￿$GYDQFHV￿,Q￿3VRULDVLV￿7KHUDS\￿￿￿$GYDQFHV￿,Q￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿'LVFXVVLRQ￿￿￿￿
￿￿ $QRQ\PRXV￿￿￿7D]DURWHQH￿￿￿D￿WRSLFDO￿UHWLQRLG￿IRU￿SVRULDVLV￿￿￿'UXJ￿$QG￿7KHUDSHXWLFV￿%XOOHWLQ￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿
￿￿ 0DUNV￿5￿￿￿/RQJ￿WHUP￿6WXGLHV￿2I￿7DFDOFLWRO￿,Q￿7KH￿7UHDWPHQW￿2I￿3VRULDVLV￿￿￿-RXUQDO￿2I￿'HUPDWRORJLFDO
7UHDWPHQW￿￿￿￿￿￿￿￿￿6￿￿￿ ￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿ /HEZRKO￿0￿￿3RXOLQ￿<￿￿￿7D]DURWHQH￿,Q￿&RPELQDWLRQ￿:LWK￿7RSLFDO￿&RUWLFRVWHURLGV￿￿￿-RXUQDO￿2I￿7KH
$PHULFDQ￿$FDGHP\￿2I￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿6￿￿￿￿￿￿￿
￿￿ $EHO￿($￿￿￿6HOHFWLRQ￿RI￿WKH￿5LJKW￿$SSURDFK￿￿7UHDWPHQW￿6HWWLQJV￿￿￿&OLQLFV￿,Q￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿
￿￿ )UHGULNVVRQ￿7￿￿3HWWHUVVRQ￿8￿￿￿6HYHUH￿3VRULDVLV￿§￿2UDO￿7KHUDS\￿ZLWK￿D￿1HZ￿5HWLQRLG￿￿￿'HUPDWRORJLFD
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ )UHGULNVVRQ￿7￿￿/DVVXV￿$￿￿6DOGH￿/￿￿￿5HSURGXFLELOLW\￿RI￿&OLQLFDO￿7ULDOV￿RI￿7RSLFDO￿*OXFRVWHURLGV￿
,QWHUQDWLRQDO￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ $VKFURIW￿'0￿￿/L￿:DQ￿3R￿$￿￿:LOOLDPV￿+&￿￿*ULIILWKV￿&(0￿￿￿6\VWHPDWLF￿5HYLHZ￿RI￿&RPSDUDWLYH￿(IILFDF\
DQG￿7ROHUDELOLW\￿RI￿&DOFLSRWULRO￿LQ￿7UHDWLQJ￿&KURQLF￿3ODTXH￿3VRULDVLV￿￿￿%ULWLVK￿0HGLFDO￿-RXUQDO￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿￿
￿￿ +HQJ￿0&<￿￿+HQJ￿+/￿￿$OOHQ￿6*￿￿￿%DVHPHQW￿0HPEUDQH￿&KDQJHV￿LQ￿3VRULDWLF￿3DWLHQWV￿RQ￿/RQJ￿WHUP
7RSLFDO￿&RUWLFRVWHURLG￿7KHUDS\￿￿￿&OLQLFDO￿DQG￿([SHULPHQWDO￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ /HH￿-<￿￿0DLEDFK￿+,￿￿￿&RUWLFRVWHURLG￿6NLQ￿$WURSKRJHQLFLW\￿￿$VVHVVPHQW￿0HWKRGV￿￿￿6NLQ￿￿5HVHDUFK￿DQG
7HFKQRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
3ODFHER￿FRQWUROOHG￿WULDOV
￿￿ $JUXS￿*￿￿%MRUQEHUJ￿$￿￿(OPURV￿7￿￿*URWK￿2￿￿+DQQXNVHOD￿0￿￿/DVVXV￿$￿￿6DOGH￿/￿￿6NRJK￿0￿￿7KRPVHQ￿.￿
&OLQLFDO￿7ULDO￿RI￿D￿3RWHQW￿1RQ￿+DORJHQDWHG￿7RSLFDO￿6WHURLG￿￿%XGHVRQLGH￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %DDGVJDDUG￿2￿￿7UDXOVHQ￿-￿￿5RHGSHWHUVHQ￿-5￿￿-DNREVHQ￿+%￿￿￿2SWLPDO￿&RQFHQWUDWLRQ￿RI￿7DFDOFLWRO￿LQ
2QFH￿'DLO\￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %HUQKDUG￿-￿￿:KLWPRUH￿&￿￿*X]]R￿&￿￿.DQWRU￿,￿￿.DOE￿5(￿￿(OOLV￿&￿￿8UEDFK￿)￿￿6FKZDUW]HO￿(+￿￿*LEVRQ￿-5￿
(YDOXDWLRQ￿RI￿+DOREHWDVRO￿3URSLRQDWH￿2LQWPHQW￿LQ￿WKH￿7UHDWPHQW￿RI￿3ODTXH￿3VRULDVLV￿￿5HSRUW￿RQ￿7ZR
'RXEOH￿%OLQG￿￿9HKLFOH￿&RQWUROOHG￿6WXGLHV￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿
￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %XFNOH\￿'%￿￿￿$￿'RXEOH￿EOLQG￿&RPSDULVRQ￿RI￿￿￿￿￿￿'LWKUDQRO￿LQ￿$￿￿￿￿￿8UHD￿%DVH￿￿￿3VRUDGUDWH￿￿￿DQG
%DVH￿$ORQH￿LQ￿WKH￿7UHDWPHQW￿RI￿$FWLYH￿&KURQLF￿3VRULDVLV￿￿￿&XUUHQW￿0HGLFDO￿5HVHDUFK￿￿￿2SLQLRQ￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ &DUGHU￿.5￿￿6PLWK￿6/￿￿+LOOVRQ￿(0￿￿6WLOOHU￿0-￿￿.ROOLDV￿1￿￿*LOOLHV￿5￿￿6LVNLQ￿6%￿￿'UDNH￿/$￿￿￿$￿5DQGRPL]HG￿
'RXEOH￿EOLQG￿￿3DUDOOHO￿*URXS￿￿'RVH￿UDQJLQJ￿&RPSDULVRQ￿RI￿WKH￿(IILFDF\￿DQG￿6DIHW\￿RI￿&DOFLSRWULHQH
6ROXWLRQ￿LQ￿WKH￿7UHDWPHQW￿RI￿6FDOS￿3VRULDVLV￿￿￿-RXUQDO￿RI￿,QYHVWLJDWLYH￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 'XEHUWUHW￿/￿￿:DOODFK￿'￿￿6RXWH\UDQG￿3￿￿3HUXVVHO￿0￿￿.DOLV￿%￿￿0H\QDGLHU￿-￿￿&KHYUDQW￿%UHWRQ￿-￿￿%H\ORW￿&￿
%D]H[￿-$￿￿-XUJHQVHQ￿+-￿￿￿(IILFDF\￿DQG￿6DIHW\￿RI￿&DOFLSRWULRO￿￿0&￿￿￿￿￿￿2LQWPHQW￿LQ￿3VRULDVLV￿9XOJDULV￿
$￿5DQGRPL]HG￿￿'RXEOH￿%OLQG￿￿5LJKW￿/HIW￿&RPSDUDWLYH￿￿9HKLFOH￿FRQWUROOHG￿6WXG\￿￿￿-RXUQDO￿RI￿WKH
$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ (OLH￿5￿￿'XURFKHU￿/3￿￿.DYDOHF￿(&￿￿￿(IIHFW￿RI￿6DOLF\OLF￿$FLG￿RQ￿WKH￿$FWLYLW\￿RI￿%HWDPHWKDVRQH￿￿￿￿￿￿￿
'LSURSLRQDWH￿LQ￿WKH￿7UHDWPHQW￿RI￿(U\WKHPDWRXV￿6TXDPRXV￿'HUPDWRVHV￿￿￿-RXUQDO￿RI￿,QWHUQDWLRQDO
0HGLFDO￿5HVHDUFK￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ (OOLV￿&1￿￿+RUZLW]￿61￿￿0HQWHU￿$￿￿￿$PFLQRQLGH￿/RWLRQ￿￿￿￿￿￿LQ￿WKH￿7UHDWPHQW￿RI￿3DWLHQWV￿ZLWK￿3VRULDVLV￿RI
WKH￿6FDOS￿￿￿&XUUHQW￿7KHUDSHXWLF￿5HVHDUFK￿￿&OLQLFDO￿￿￿([SHULPHQWDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ *UDWWDQ￿&(+￿￿+DOODP￿)￿￿:KLWHILHOG￿0￿￿￿$￿1HZ￿$TXHRXV￿'LWKUDQRO￿*HO￿IRU￿3VRULDVLV￿￿&RPSDULVRQ￿ZLWK
3ODFHER￿DQG￿&DOFLSRWULRO￿2LQWPHQW￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ *UHHQ￿&￿￿*DQSXOH￿0￿￿+DUULV￿'￿￿.DYDQDJK￿*￿￿.HQQHG\￿&￿￿0DOOHWW￿5￿￿5XVWLQ￿0￿￿'RZQHV￿1￿
&RPSDUDWLYH￿(IIHFWV￿RI￿&DOFLSRWULRO￿￿0&￿￿￿￿￿￿6ROXWLRQ￿DQG￿3ODFHER￿￿9HKLFOH￿RI￿0&￿￿￿￿￿￿LQ￿WKH
7UHDWPHQW￿RI￿3VRULDVLV￿RI￿WKH￿6FDOS￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ *UHHQVSDQ￿$￿￿+HUQGRQ￿-+￿￿%DNHU￿0'￿￿&KHQH\￿7￿￿￿&RQWUROOHG￿(YDOXDWLRQ￿RI￿￿￿￿￿￿3HUFHQW￿'HVRQLGH
/RWLRQ￿DQG￿'HVRQLGH￿&UHDP￿LQ￿3VRULDVLV￿￿￿&XUUHQW￿7KHUDSHXWLF￿5HVHDUFK￿￿&OLQLFDO￿￿￿([SHULPHQWDO
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿ +DUULQJWRQ￿&,￿￿*ROGLQ￿'￿￿/RYHOO￿&5￿￿9DQ￿'H￿.HUNKRI￿3￿￿1LHERHU￿&￿￿$XVWDG￿-￿￿0ROLQ￿/￿￿&ODUHXV￿%:￿
5DVN￿3HGHUVHQ￿(￿￿￿&RPSDUDWLYH￿(IIHFWV￿RI￿7ZR￿'LIIHUHQW￿&DOFLSRWULRO￿￿0&￿￿￿￿￿￿&UHDP￿)RUPXODWLRQV
YHUVXV￿3ODFHER￿LQ￿3VRULDVLV￿9XOJDULV￿￿￿$￿5DQGRPLVHG￿￿'RXEOH￿%OLQG￿￿3ODFHER￿&RQWUROOHG￿￿3DUDOOHO
*URXS￿0XOWL￿&HQWUH￿6WXG\￿￿￿￿￿-RXUQDO￿RI￿WKH￿(XURSHDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿9HQHUHRORJ\￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ +LJKWRQ￿$￿4XHOO￿-￿￿%UHQHPDQ￿'￿￿&XOOHQ￿6￿￿*RIIH￿%￿￿*ULIILWKV￿&￿￿+XHUWHU￿&￿￿.LQJVOH\￿'￿￿3LDFTXDGLR￿'￿
3LQFXV￿6￿￿5RJHUV￿5￿￿6FKHU￿5.￿￿￿&DOFLSRWULHQH￿2LQWPHQW￿￿￿￿￿￿￿3HUFHQW￿IRU￿3VRULDVLV￿￿￿$￿6DIHW\￿DQG
(IILFDF\￿6WXG\￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ -DQVHQ￿&7￿￿/DPPLQWDXVWD￿.￿￿%XOOLQJKDP￿5(6￿￿)RUVVWURP￿6￿￿￿$￿&OLQLFDO￿7ULDO￿RI￿/RQDSDOHQH￿
)OXRFLQRORQH￿$FHWRQLGH￿DQG￿9HKLFOH￿LQ￿3VRULDVLV￿￿￿0HHWLQJ￿$EVWUDFW￿-RXUQDO￿RI￿,QYHVWLJDWLYH
'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ -HNOHU￿-￿￿6ZDQEHFN￿*￿￿￿2QH￿0LQXWH￿'LWKUDQRO￿7KHUDS\￿LQ￿3VRULDVLV￿￿$￿3ODFHER￿&RQWUROOHG￿3DLUHG
&RPSDUDWLYH￿6WXG\￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ -RUL]]R￿-/￿￿0DJHH￿.￿￿6WHZDUW￿'0￿￿/HEZRKO￿0*￿￿5DMDJRSDODQ￿5￿￿%URZQ￿--￿￿￿&OREHWDVRO￿3URSLRQDWH
(PROOLHQW￿￿￿￿￿￿3HUFHQW￿￿+\SRWKDODPLF￿3LWXLWDU\￿$GUHQDO￿$[LV￿6DIHW\￿DQG￿)RXU￿:HHN￿&OLQLFDO￿(IILFDF\
5HVXOWV￿LQ￿3ODTXH￿7\SH￿3VRULDVLV￿￿￿&XWLV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .DQJ￿6￿￿<L￿6￿￿*ULIILWKV￿&(￿￿)DQFKHU￿/￿￿+DPLOWRQ￿7$￿￿&KRL￿-+￿￿￿&DOFLSRWULHQH￿,QGXFHG￿,PSURYHPHQW￿LQ
3VRULDVLV￿,V￿$VVRFLDWHG￿ZLWK￿5HGXFHG￿,QWHUOHXNLQ￿￿￿DQG￿,QFUHDVHG￿,QWHUOHXNLQ￿￿￿￿/HYHOV￿ZLWKLQ￿/HVLRQV￿
%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .DQ]OHU￿0+￿￿*RUVXORZVN\￿'&￿￿￿(IILFDF\￿RI￿7RSLFDO￿￿￿￿/LTXRU￿&DUERQLV￿'HWHUJHQV￿9V￿￿LWV￿(PROOLHQW
%DVH￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .DW]￿+,￿￿*URVV￿(￿￿%X[PDQ￿0￿￿3UDZHU￿6(￿￿6FKZDUW]HO￿(+￿￿*LEVRQ￿-5￿￿￿$￿'RXEOH￿%OLQG￿￿9HKLFOH￿
&RQWUROOHG￿3DLUHG￿&RPSDULVRQ￿RI￿+DOREHWDVRO￿3URSLRQDWH￿&UHDP￿RQ￿3DWLHQWV￿ZLWK￿3ODTXH￿3VRULDVLV￿
-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .DW]￿+,￿￿+LHQ￿17￿￿3UDZHU￿6(￿￿6FRWW￿-&￿￿*ULYQD￿(0￿￿￿%HWDPHWKDVRQH￿'LSURSLRQDWH￿LQ￿2SWLPL]HG
9HKLFOH￿￿￿,QWHUPLWWHQW￿3XOVH￿'RVLQJ￿IRU￿([WHQGHG￿0DLQWHQDQFH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿$UFKLYHV￿RI
'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .DW]￿+,￿￿3UDZHU￿6(￿￿0HGDQVN\￿56￿￿.UXHJHU￿**￿￿0RRQH\￿--￿￿-RQHV￿0/￿￿6DPVRQ￿&5￿￿￿,QWHUPLWWHQW
&RUWLFRVWHURLG￿0DLQWHQDQFH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿$￿'RXEOH￿%OLQG￿0XOWLFHQWHU￿7ULDO￿RI￿$XJPHQWHG
%HWDPHWKDVRQH￿'LSURSLRQDWH￿2LQWPHQW￿LQ￿D￿3XOVH￿'RVH￿7UHDWPHQW￿5HJLPHQ￿￿￿'HUPDWRORJLFD￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .LVV￿,￿￿0F&UHDU\￿+/￿￿6LVNLQ￿6%￿￿(SLQHWWH￿::￿￿￿$￿5DQGRPLVHG￿￿'RXEOH￿%OLQG￿￿3DUDOOHO￿*URXS￿'RVH
5DQJLQJ￿&RPSDULVRQ￿RI￿7KH￿(IILFDF\￿$QG￿6DIHW\￿RI￿&DOFLSRWULHQH￿6ROXWLRQ￿LQ￿WKH￿7UHDWPHQW￿RI￿6FDOS
3VRULDVLV￿￿￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿WK￿$QQXDO￿0HHWLQJ￿￿￿)HE￿￿￿￿￿￿￿￿￿￿￿￿￿￿3RVWHU
$EVWUDFW￿3￿￿￿￿￿
￿￿ .UDJEDOOH￿.￿￿%HFN￿+,￿￿6óJDDUG￿+￿￿￿,PSURYHPHQW￿RI￿3VRULDVLV￿%\￿$￿7RSLFDO￿9LWDPLQ￿'￿￿$QDORJXH￿￿0&
￿￿￿￿￿LQ￿D￿'RXEOH￿%OLQG￿6WXG\￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .UDJEDOOH￿.￿￿￿7UHDWPHQW￿RI￿3VRULDVLV￿%\￿WKH￿7RSLFDO￿$SSOLFDWLRQ￿RI￿WKH￿1RYHO￿&KROHFDOFLIHURO￿$QDORJXH
&DOFLSRWULRO￿￿0&￿￿￿￿￿￿￿￿$UFKLYHV￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .UXHJHU￿**￿￿'UDNH￿/$￿￿(OLDV￿30￿￿/RZH￿1-￿￿*X]]R￿&￿￿:HLQVWHLQ￿*'￿￿/HZ￿.D\D￿'$￿￿/XH￿-&￿￿6HIWRQ￿-￿
&KDQGUDUDWQD￿5$￿￿￿7KH￿6DIHW\￿DQG￿(IILFDF\￿RI￿7D]DURWHQH￿*HO￿￿$￿7RSLFDO￿$FHW\OHQLF￿5HWLQRLG￿￿LQ￿WKH
7UHDWPHQW￿RI￿3VRULDVLV￿￿￿$UFKLYHV￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ /DQH￿$7￿:DFKV￿*1￿:HVWRQ￿:/￿￿￿2QFH￿'DLO\￿7UHDWPHQW￿RI￿3VRULDVLV￿ZLWK￿7RSLFDO￿*OXFRFRUWLFRVWHURLG
2LQWPHQWV￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ /DQJQHU￿$￿￿9HUMDQV￿+￿￿6WDSRU￿9￿￿0RO￿0￿￿)UDF]\NRZVND￿0￿￿￿￿￿$OSKD￿￿￿￿￿'LK\GUR[\YLWDPLQ￿'￿￿
￿&DOFLWULRO￿￿2LQWPHQW￿LQ￿3VRULDVLV￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ /DQJQHU￿$￿￿9HUMDQV￿+￿￿6WDSRU￿9￿￿0RO￿0￿￿)UDF]\NRZVND￿0￿￿￿7RSLFDO￿&DOFLWULRO￿LQ￿WKH￿7UHDWPHQW￿RI
&KURQLF￿3ODTXH￿3VRULDVLV￿￿$￿'RXEOH￿%OLQG￿6WXG\￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿ /HEZRKO￿0￿￿<ROHV￿$￿￿/RPEDUGL￿.￿￿/RX￿:￿￿￿&DOFLSRWULHQH￿2LQWPHQW￿DQG￿+DOREHWDVRO￿2LQWPHQW￿LQ￿WKH
/RQJ￿WHUP￿7UHDWPHQW￿RI￿3VRULDVLV￿￿HIIHFWV￿RQ￿WKH￿GXUDWLRQ￿RI￿LPSURYHPHQW￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ
$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ /HSDZ￿0,￿￿￿'RXEOH￿%OLQG￿&RPSDULVRQ￿RI￿+DOFLQRQLGH￿6ROXWLRQ￿DQG￿3ODFHER￿&RQWURO￿LQ￿7UHDWPHQW￿RI
3VRULDVLV￿RI￿WKH￿6FDOS￿￿￿&XWLV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 0HGDQVN\￿56￿￿%URG\￿1,￿￿.DQRI￿1%￿HW￿DO￿￿￿&OLQLFDO￿,QYHVWLJDWLRQV￿RI￿0RPHWDVRQH￿)XURDWH￿§￿$￿1RYHO
1RQIOXRULQDWHG￿￿7RSLFDO￿&RUWLFRVWHURLG￿￿￿6HPLQDUV￿LQ￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 0RUWHQVHQ￿/￿￿.UDJEDOOH￿.￿￿:HJPDQQ￿(￿￿6FKLIWHU￿6￿￿5LVWHOL￿-￿￿&KDUOHV￿3￿￿￿7UHDWPHQW￿RI￿3VRULDVLV
9XOJDULV￿ZLWK￿7RSLFDO￿&DOFLSRWULRO￿+DV￿1R￿6KRUW￿WHUP￿(IIHFW￿RQ￿&DOFLXP￿RU￿%RQH￿0HWDEROLVP￿￿￿$
5DQGRPL]HG￿￿'RXEOH￿%OLQG￿￿3ODFHER￿&RQWUROOHG￿6WXG\￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿
￿￿ 2OVHQ￿($￿￿&UDP￿'/￿￿(OOLV￿&1￿￿+LFNPDQ￿-*￿￿-DFREVRQ￿&￿￿-HQNLQV￿((￿￿/DVVHU￿$(￿￿/HEZRKO￿0￿￿/HLEVRKQ
(￿￿0HGDQVN\￿56￿￿HW￿DO￿￿￿$￿'RXEOH￿%OLQG￿￿9HKLFOH￿&RQWUROOHG￿6WXG\￿RI￿&OREHWDVRO￿3URSLRQDWH￿￿￿￿￿￿
￿7HPRYDWH￿￿6FDOS￿$SSOLFDWLRQ￿LQ￿WKH￿7UHDWPHQW￿RI￿0RGHUDWH￿WR￿6HYHUH￿6FDOS￿3VRULDVLV￿￿￿-RXUQDO￿RI￿WKH
$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 2OVHQ￿($￿￿￿(IILFDF\￿DQG￿6DIHW\￿RI￿)OXWLFDVRQH￿3URSLRQDWH￿￿￿￿￿￿￿￿2LQWPHQW￿LQ￿WKH￿7UHDWPHQW￿RI
3VRULDVLV￿￿￿&XWLV￿￿￿￿￿￿￿￿￿￿￿￿6XSSO￿￿￿￿￿￿￿￿￿
￿￿ 2UDQMH￿$3￿￿0DUFRX[￿'￿￿6YHQVVRQ￿$￿￿3UHQGLYLOOH￿-￿￿.UDIFKLN￿%￿￿7RROH￿-￿￿5RVHQWKDO￿'￿￿'H￿:DDUG￿9DQ
'HU￿6SHN￿)%￿￿0ROLQ￿/￿￿$[HOVHQ￿0￿￿￿7RSLFDO￿&DOFLSRWULRO￿LQ￿&KLOGKRRG￿3VRULDVLV￿￿￿-RXUQDO￿RI￿WKH
$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿
￿￿ 2UPHURG￿$'￿￿'Z\HU￿&0￿￿:HOOHU￿5￿￿&R[￿'+￿￿3ULFH￿5￿￿￿$￿&RPSDULVRQ￿RI￿6XEMHFWLYH￿DQG￿2EMHFWLYH
0HDVXUHV￿RI￿5HGXFWLRQ￿RI￿3VRULDVLV￿ZLWK￿WKH￿8VH￿RI￿8OWUDVRXQG￿￿5HIOHFWDQFH￿&RORULPHWU\￿
&RPSXWHUL]HG￿9LGHR￿,PDJH￿$QDO\VLV￿￿DQG￿1LWULF￿2[LGH￿3URGXFWLRQ￿>6HH￿&RPPHQWV@￿￿￿-RXUQDO￿RI￿WKH
$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 3DULVHU￿'0￿￿3DULVHU￿5-￿￿%UHQHPDQ￿'￿￿/HEZRKO￿0￿￿.DOE￿5￿￿0RRUH￿-￿￿0RVV￿+￿￿3DUNHU￿&￿￿)LHGOHU￿9￿
&DOFLSRWULHQH￿2LQWPHQW￿$SSOLHG￿2QFH￿$￿'D\￿IRU￿3VRULDVLV￿￿$￿'RXEOH￿%OLQG￿￿0XOWLFHQWHU￿￿3ODFHER￿
&RQWUROOHG￿6WXG\￿>/HWWHU@￿￿￿$UFKLYHV￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 3HUH]￿$￿￿&KHQ￿7&￿￿7XUQHU￿$￿￿5DDE￿5￿￿%KDZDQ￿-￿￿3RFKH￿3￿￿+ROLFN￿0)￿￿￿(IILFDF\￿DQG￿6DIHW\￿RI￿7RSLFDO
&DOFLWULRO￿￿￿￿￿￿￿'LK\GUR[\YLWDPLQ￿'￿￿￿IRU￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 6FDUSD￿&￿￿.RNHOM￿)￿￿3OR]]HU￿&￿￿/DYDURQL￿*￿￿7RUVHOOR￿3￿￿￿(IILFDF\￿DQG￿7ROHUDELOLW\￿RI￿7DFDOFLWRO
$GPLQLVWHUHG￿2QFH￿'DLO\￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿9XOJDULV￿￿'RXEOH￿%OLQG￿￿5DQGRPL]HG￿￿3ODFHER
&RQWUROOHG￿,WDOLDQ￿0XOWLFHQWHU￿6WXG\￿￿*LRUQDOH￿,WDOLDQR￿'L￿'HUPDWRORJLD￿(￿9HQHUHRORJLD￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿￿
￿￿ 6HDUV￿+:￿￿%DLOHU￿-:￿￿<HDGRQ￿$￿￿￿$￿'RXEOH￿%OLQG￿￿5DQGRPL]HG￿￿3ODFHER￿&RQWUROOHG￿(YDOXDWLRQ￿RI￿WKH
(IILFDF\￿DQG￿6DIHW\￿RI￿+\GURFRUWLVRQH￿%XWHSUDWH￿￿￿￿￿￿&UHDP￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿$GYDQFHV
LQ￿7KHUDS\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 6HIWRQ￿-￿￿/RGHU￿-6￿￿.\ULDNRSRXORV￿$$￿￿￿&OLQLFDO￿(YDOXDWLRQ￿RI￿+\GURFRUWLVRQH￿9DOHUDWH￿￿￿￿￿￿2LQWPHQW￿
&OLQLFDO￿7KHUDSHXWLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 6HLGHQDUL￿6￿￿0DJQL￿5￿￿*LDQQHWWL￿$￿￿￿$VVHVVPHQW￿RI￿WKH￿$FWLYLW\￿RI￿7DFDOFLWRO￿RQ￿3VRULDWLF￿3ODTXHV￿%\
0HDQV￿RI￿&RORULPHWU\￿DQG￿+LJK￿)UHTXHQF\￿8OWUDVRXQG￿￿$￿'RXEOH￿%OLQG￿,QWUDVXEMHFW￿+DOI￿6LGH￿5LJKW￿
/HIW￿&RPSDULVRQ￿ZLWK￿%HWDPHWKDVRQH￿9DOHUDWH￿DQG￿3ODFHER￿￿￿6NLQ￿3KDUPDFRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 6WDEHUJ￿%￿￿5RHG￿3HWHUVHQ￿-￿￿0HQQH￿7￿￿￿(IILFDF\￿RI￿7RSLFDO￿7UHDWPHQW￿LQ￿3VRULDVLV￿ZLWK￿0&￿￿￿￿￿￿D￿1HZ
9LWDPLQ￿'￿$QDORJXH￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 6XGLORYVN\￿$￿￿0XLU￿-*￿￿%RFRER￿)&￿￿￿$￿&RPSDULVRQ￿RI￿6LQJOH￿DQG￿0XOWLSOH￿$SSOLFDWLRQV￿RI￿+DOFLQRQLGH
&UHDP￿￿￿,QWHUQDWLRQDO￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 6\HG￿7$￿￿$KPDG￿6$￿￿+ROW￿$+￿￿$KPDG￿6$￿￿$KPDG￿6+￿￿$I]DO￿0￿￿￿0DQDJHPHQW￿RI￿3VRULDVLV￿ZLWK￿$ORH
9HUD￿([WUDFW￿LQ￿$￿+\GURSKLOLF￿&UHDP￿￿$￿3ODFHER￿&RQWUROOHG￿￿'RXEOH￿%OLQG￿6WXG\￿￿￿7URSLFDO￿0HGLFLQH￿￿
,QWHUQDWLRQDO￿+HDOWK￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿ 9DQ￿'H￿.HUNKRI￿3&￿￿9DQ￿%RNKRYHQ￿0￿￿=XOWDN￿0￿￿&]DUQHW]NL￿%0￿￿￿$￿'RXEOH￿%OLQG￿6WXG\￿RI￿7RSLFDO￿￿
DOSKD￿￿￿￿'LK\GUR[\YLWDPLQ￿'￿￿LQ￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 9DQ￿'H￿.HUNKRI￿3&￿￿:HUIHO￿7￿￿+DXVWHLQ￿8)￿￿/XJHU￿7￿￿&]DUQHW]NL￿%0￿￿1LHPDQQ￿5￿￿3ODQLW]￿6WHQ]HO￿9￿
7DFDOFLWRO￿2LQWPHQW￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿9XOJDULV￿￿$￿0XOWLFHQWUH￿￿3ODFHER￿&RQWUROOHG￿￿'RXEOH￿
%OLQG￿6WXG\￿RQ￿(IILFDF\￿DQG￿6DIHW\￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 9DQ￿'H￿.HUNKRI￿3&0￿￿.X\SHUV￿$￿￿￿$￿5DQGRPLVHG￿￿'RXEOH￿%OLQG￿￿/HIW￿5LJKW￿6WXG\￿WR￿&RPSDUH
+\GURFRUWLVRQH￿￿￿￿%XW\UDWH￿￿￿￿￿￿(PXOVLRQ￿:LWK￿9HKLFOH￿LQ￿WKH￿7UHDWPHQW￿2I￿3DWLHQWV￿6XIIHULQJ￿)URP
3VRULDVLV￿9XOJDULV￿￿￿￿WK￿,QWHUQDWLRQDO￿6NLQ￿6\PSRVLXP￿￿￿￿￿￿￿￿$SULO￿￿￿￿￿￿￿￿￿3RVWHU￿3￿￿￿
￿￿ 9DQGHUSORHJ￿'(￿￿￿%HWDPHWKDVRQH￿'LSURSLRQDWH￿2LQWPHQW￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿DQG￿$WRSLF
'HUPDWLWLV￿￿$￿'RXEOH￿%OLQG￿6WXG\￿￿￿6RXWKHUQ￿0HGLFDO￿-RXUQDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ 9ROGHQ￿*￿￿%MRUQEHUJ￿$￿￿7HJQHU￿(￿￿3HGHUVHQ￿1%￿￿$UOHV￿8%￿￿$JUHQ￿6￿￿%UROXQG￿/￿￿￿6KRUW￿&RQWDFW
7UHDWPHQW￿$W￿+RPH￿ZLWK￿0LFDQRO￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿6XSSOHPHQWXP￿￿￿￿￿￿￿￿￿
￿￿ :HLQVWHLQ￿*'￿￿.UXHJHU￿**￿￿/RZH￿1-￿￿'XYLF￿0￿￿)ULHGPDQ￿'-￿￿-HJDVRWK\￿%9￿￿-RUL]]R￿-/￿￿6KPXQHV￿(￿
7VFKHQ￿(+￿￿/HZ￿.D\D￿'$￿￿/XH￿-&￿￿6HIWRQ￿-￿￿*LEVRQ￿-5￿￿&KDQGUDUDWQD￿5$￿￿￿7D]DURWHQH￿*HO￿￿$￿1HZ
5HWLQRLG￿￿IRU￿7RSLFDO￿7KHUDS\￿RI￿3VRULDVLV￿￿9HKLFOH￿&RQWUROOHG￿6WXG\￿RI￿6DIHW\￿￿(IILFDF\￿￿DQG￿'XUDWLRQ
RI￿7KHUDSHXWLF￿(IIHFW￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ :RUW]HO￿0￿+￿￿￿$￿1HZ￿&RUWLFRVWHURLG￿IRU￿0RGHUDWH￿6HYHUH￿'HUPDWRVHV￿￿￿&OLQLFDO￿0HGLFLQH￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿
+HDG￿WR￿KHDG￿WULDOV
￿￿ $XVWDG￿-￿￿%MHUNH￿-5￿￿*MHUWVHQ￿%7￿￿+HOODQG￿6￿￿/LYGHQ￿-.￿￿0RUNHQ￿7￿￿0RUN￿1-￿￿￿&OREHWDVRO￿3URSLRQDWH
)ROORZHG￿E\￿&DOFLSRWULRO￿LV￿6XSHULRU￿WR￿&DOFLSRWULRO￿$ORQH￿LQ￿7RSLFDO￿7UHDWPHQW￿RI￿3VRULDVLV￿￿-RXUQDO￿RI
WKH￿(XURSHDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿9HQHUHRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %DDGVJDDUG￿2￿￿7UDXOVHQ￿-￿￿5RHGSHWHUVHQ￿-5￿￿-DNREVHQ￿￿+%￿￿￿2SWLPDO￿&RQFHQWUDWLRQ￿RI￿7DFDOFLWRO￿LQ
2QFH￿'DLO\￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %DLRFFKL￿5￿￿%HUWDQL￿(￿￿%LJJLR￿3￿￿&DODQGUD￿3￿￿'H￿0DUFKL￿5￿￿)UDQFKL￿$￿￿$OELDWL￿*￿￿*XDUQHUL￿%￿￿3DVL￿)￿
6FKLHVDUL￿*￿￿6LQLVL￿'$￿￿￿&RQWUROOHG￿7ULDO￿RI￿WKH￿(IILFDF\￿DQG￿6DIHW\￿RI￿&DOFLSRWULRO￿2LQWPHQW￿$SSOLHG
2QFH￿RU￿7ZLFH￿D￿'D\￿LQ￿3VRULDVLV￿9XOJDULV￿￿￿6WXGLR￿&RQWUROODWR￿3HU￿(PLSDUWL￿6XOO￿HIILFDFLD￿(￿/D
WROOHUDELOLWD￿'L￿&DOFLSRWULROR￿8QJXHQWR￿￿￿$SSOLFD]LRQH￿'LH￿YHUVXV￿￿￿$SSOLFD]LRQL￿'LH￿￿1HOOD￿3VRULDVL
9ROJDUH￿￿￿*LRUQDOH￿,WDOLDQR￿'L￿'HUPDWRORJLD￿(￿9HQHUHRORJLD￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %HUDUGHVFD￿(￿￿9LJQROL￿*3￿￿)DULQHOOL￿1￿￿9LJQLQL￿0￿￿'LVWDQWH￿)￿￿5DEELRVL￿*￿￿￿1RQ￿,QYDVLYH￿(YDOXDWLRQ￿RI
7RSLFDO￿&DOFLSRWULRO￿YHUVXV￿&OREHWDVRO￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿ $FWD￿'HUPDWR￿9HQHUHRORJLFD
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %HUWK￿-RQHV￿-￿￿&KX￿$&￿￿'RGG￿:$￿￿*DQSXOH￿0￿￿*ULIILWKV￿:$￿￿+D\GH\￿53￿￿.ODEHU￿05￿￿0XUUD\￿6-￿
5RJHUV￿6￿￿-XUJHQVHQ￿+-￿￿￿$￿0XOWLFHQWUH￿￿3DUDOOHO￿*URXS￿&RPSDULVRQ￿RI￿&DOFLSRWULRO￿2LQWPHQW￿DQG￿6KRUW
&RQWDFW￿'LWKUDQRO￿7KHUDS\￿LQ￿&KURQLF￿3ODTXH￿3VRULDVLV￿￿ %ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿￿
￿￿ %RXUNH￿-)￿￿%HUWK￿-RQHV￿-￿￿+XWFKLQVRQ￿3(￿￿￿2FFOXVLRQ￿(QKDQFHV￿WKH￿(IILFDF\￿RI￿7RSLFDO￿&DOFLSRWULRO￿LQ
WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿9XOJDULV￿￿￿&OLQLFDO￿￿￿([SHULPHQWDO￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %RXUNH￿-)￿￿)HDWKHUVWRQH￿6￿￿,TEDO￿6-￿￿+XWFKLQVRQ￿3(￿￿￿$￿'RXEOH￿%OLQG￿&RPSDULVRQ￿RI￿7RSLFDO￿&DOFLWULRO
￿￿￿PFJ￿J￿￿DQG￿&DOFLSRWULRO￿￿￿￿￿PFJ￿J￿￿LQ￿WKH￿7UHDWPHQW￿RI￿&KURQLF￿3ODTXH￿3VRULDVLV￿9XOJDULV￿￿￿%ULWLVK
-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿6XSSO￿￿￿￿￿￿￿￿￿
￿￿ %RXUNH￿-)￿￿,TEDO￿6-￿￿+XWFKLQVRQ￿3(￿￿￿$￿5DQGRPL]HG￿'RXEOH￿%OLQG￿&RPSDULVRQ￿RI￿WKH￿(IIHFWV￿RQ
6\VWHPLF￿&DOFLXP￿+RPHRVWDVLV￿RI￿7RSLFDO￿&DOFLWULRO￿￿￿￿PFJ￿J￿￿DQG￿&DOFLSRWULRO￿￿￿￿￿PFJ￿J￿￿LQ￿WKH
7UHDWPHQW￿RI￿&KURQLF￿3ODTXH￿3VRULDVLV￿9XOJDULV￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ %UXFH￿6￿￿(SLQHWWH￿::￿￿)XQLFHOOD￿7￿￿,VRQ￿$￿￿-RQHV￿(/￿￿/RVV￿5￿-U￿￿0FSKHH￿0(￿￿:KLWPRUH￿&￿
&RPSDUDWLYH￿6WXG\￿RI￿&DOFLSRWULHQH￿￿0&￿￿￿￿￿￿2LQWPHQW￿DQG￿)OXRFLQRQLGH￿2LQWPHQW￿LQ￿WKH￿7UHDWPHQW￿RI
3VRULDVLV￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿ &URVWL￿&￿￿)LQ]L￿$)￿￿0LDQ￿(￿￿6FDUSD￿&￿￿￿&DOFLSRWULRO￿LQ￿3VRULDVLV￿9XOJDULV￿￿$￿&RQWUROOHG￿7ULDO￿&RPSDULQJ
%HWDPHWKDVRQH￿'LSURSLRQDWH￿￿￿6DOLF\OLF￿$FLG￿￿￿,QWHUQDWLRQDO￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿
￿￿ &XQOLIIH￿￿:-￿￿%HUWK￿-RQHV￿-￿￿&ODXG\￿$￿￿)DLULVV￿*￿￿*ROGLQ￿'￿￿*UDWWRQ￿'￿￿+HQGHUVRQ￿&$￿￿+ROGHQ￿&$￿
0DGGLQ￿:6￿￿2UWRQQH￿-3￿HW￿DO￿￿￿&RPSDUDWLYH￿6WXG\￿RI￿&DOFLSRWULRO￿￿0&￿￿￿￿￿￿2LQWPHQW￿DQG
%HWDPHWKDVRQH￿￿￿￿9DOHUDWH￿2LQWPHQW￿LQ￿3DWLHQWV￿ZLWK￿3VRULDVLV￿9XOJDULV￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ
$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ )DUNDV￿%￿￿￿&RPSDULVRQ￿RI￿7DFDOFLWRO￿ZLWK￿'LWKUDQRO￿￿￿UG￿(XURSHDQ￿+HUPDO￿6\PSRVLXP￿￿￿￿￿￿￿'HFHPEHU
￿QG￿
￿￿ *ODGH￿&3￿￿9DQ￿(US￿3(￿￿9DQ￿'H￿.HUNKRI￿3&￿￿￿(SLGHUPDO￿&HOO￿'1$￿&RQWHQW￿DQG￿,QWHUPHGLDWH￿)LODPHQWV
.HUDWLQ￿￿￿￿DQG￿9LPHQWLQ￿DIWHU￿7UHDWPHQW￿RI￿3VRULDVLV￿ZLWK￿&DOFLSRWULRO￿&UHDP￿2QFH￿'DLO\￿￿7ZLFH￿'DLO\
DQG￿LQ￿&RPELQDWLRQ￿ZLWK￿&OREHWDVRQH￿￿￿￿%XW\UDWH￿&UHDP￿RU￿%HWDPHWKDVRQH￿￿￿￿9DOHUDWH￿&UHDP￿￿$
&RPSDUDWLYH￿)ORZ￿&\WRPHWULF￿6WXG\￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ .LVV￿,￿￿0FFUHDU\￿/￿￿6LVNLQ￿6%￿￿(SLQHWWH￿:￿￿￿$￿5DQGRPLVHG￿￿'RXEOH￿%OLQG￿￿3DUDOOHO￿*URXS￿'RVH￿5DQJLQJ
&RPSDULVRQ￿RI￿WKH￿(IILFDF\￿DQG￿6DIHW\￿RI￿&DOFLSRWULHQH￿6ROXWLRQ￿LQ￿WKH￿7UHDWPHQW￿RI￿6FDOS￿3VRULDVLV￿
$PHULFDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿￿WK￿$QQXDO￿0HHWLQJ￿￿￿￿￿￿￿)HE￿￿￿￿￿￿￿￿￿3RVWHU￿$EVWUDFW￿3￿￿￿￿￿
￿￿￿ .ODEHU￿05￿￿+XWFKLQVRQ￿3(￿￿3HGYLV￿/HIWLFN￿$￿￿.UDJEDOOH￿.￿￿5HXQDOD￿7/￿￿9DQ￿'H￿.HUNKRI￿3&￿￿-RKQVVRQ
0.￿￿0ROLQ￿/￿￿&RUEHWW￿06￿￿'RZQHVV￿1￿￿￿&RPSDUDWLYH￿(IIHFWV￿RI￿&DOFLSRWULRO￿6ROXWLRQ￿￿￿￿￿PFJ￿PO￿￿DQG
%HWDPHWKDVRQH￿￿￿￿9DOHUDWH￿6ROXWLRQ￿￿￿￿PJ￿PO￿￿LQ￿WKH￿7UHDWPHQW￿RI￿6FDOS￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI
'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ .|VH￿2￿￿￿&DOFLSRWULRO￿2LQWPHQW￿YV￿￿&OREHWDVRO￿6ROXWLRQ￿LQ￿6FDOS￿3VRULDVLV￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO
7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ .UDJEDOOH￿.￿￿%DUQHV￿/￿￿+DPEHUJ￿.-￿￿+XWFKLQVRQ￿3￿￿0XUSK\￿)￿￿0óOOHU￿6￿￿5X]LFND￿7￿￿9DQ￿'H￿.HUNKRI
3&￿￿￿&DOFLSRWULRO￿&UHDP￿ZLWK￿RU￿ZLWKRXW￿&RQFXUUHQW￿7RSLFDO￿&RUWLFRVWHURLG￿LQ￿3VRULDVLV￿￿7ROHUDELOLW\￿DQG
(IILFDF\￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ .UDJEDOOH￿.￿￿'DP￿71￿￿+DQVHQ￿(5￿￿%DDGVJDDUG￿2￿￿*UóQKóM￿/DUVHQ￿)￿￿6óQGHUJDDUG￿-￿￿$[HOVHQ￿0%￿
(IILFDF\￿DQG￿6DIHW\￿RI￿WKH￿￿￿￿(SL￿9LWDPLQ￿'￿￿$QDORJXH￿.+￿￿￿￿￿￿LQ￿WKH￿7RSLFDO￿7KHUDS\￿RI￿3VRULDVLV￿
5HVXOWV￿RI￿D￿'RVH￿5DQJLQJ￿6WXG\￿￿￿$FWD￿'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ .UDJEDOOH￿.￿￿*MHUWVHQ￿%7￿￿'H￿+RRS￿'￿￿.DUOVPDUN￿7￿￿9DQ￿'H￿.HUNKRI￿3&￿￿/DUN|￿2￿￿1LHERHU￿&￿￿5RHG￿
3HWHUVHQ￿-￿￿6WUDQG￿$￿￿7LNMóE￿*￿￿￿'RXEOH￿%OLQG￿￿5LJKW￿/HIW￿&RPSDULVRQ￿RI￿&DOFLSRWULRO￿DQG
%HWDPHWKDVRQH￿9DOHUDWH￿LQ￿7UHDWPHQW￿RI￿3VRULDVLV￿9XOJDULV￿￿/DQFHW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿DQG
HUUDWXP￿/DQFHW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ /DQGL￿*￿￿3LHUOHRQL￿0￿￿3ROYHUHOOL￿0￿￿)LRUDYDQWL￿)￿￿￿&DOFLSRWULRO￿￿$￿1HZ￿7RSLFDO￿3URGXFW￿LQ￿WKH￿7KHUDS\￿RI
3VRULDVLV￿￿&RQWUROOHG￿6WXG\￿YHUVXV￿&OREHWDVRO￿￿￿,O￿&DOFLSRWULRO￿￿1XRYR￿WRSLFR￿1HOOD￿7HUDSLD￿'HOOD
3VRULDVL￿￿6WXGLR￿&RQWUROODWR￿YHUVXV￿&OREHWDVRO￿￿￿*LRUQDOH￿,WDOLDQR￿'L￿'HUPDWRORJLD￿(￿9HQHUHRORJLD
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 0H\UDW￿5￿￿0XOOHU￿,￿￿￿'DLYRQH[￿5HJLVWHUHG￿2LQWPHQW￿7ZLFH￿$￿'D\￿YHUVXV￿'DLYRQH[￿5HJLVWHUHG￿&UHDP￿LQ
WKH￿0RUQLQJ￿DQG￿'DLYRQH[￿5HJLVWHUHG￿2LQWPHQW￿LQ￿WKH￿(YHQLQJ￿'DLYRQH[￿5HJLVWHUHG￿￿￿6DOEH￿=ZHL￿0DO
7DJOLFK￿YHUVXV￿'DLYRQH[￿5HJLVWHUHG￿&UHPH￿0RUJHQV￿8QG￿'DLYRQH[￿5HJLVWHUHG￿6DOEH￿$EHQGV￿￿￿$UV
0HGLFL￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 0ROLQ￿/￿￿&XWOHU￿73￿￿+HODQGHU￿,￿￿1\IRUV￿%￿￿'RZQHV￿1￿￿￿&RPSDUDWLYH￿(IILFDF\￿RI￿&DOFLSRWULRO￿￿0&￿￿￿￿￿
&UHDP￿DQG￿%HWDPHWKDVRQH￿￿￿￿9DOHUDWH￿&UHDP￿LQ￿WKH￿7UHDWPHQW￿RI￿&KURQLF￿3ODTXH￿3VRULDVLV￿￿￿$
5DQGRPL]HG￿￿'RXEOH￿%OLQG￿￿3DUDOOHO￿*URXS￿0XOWLFHQWUH￿6WXG\￿￿￿&DOFLSRWULRO￿6WXG\￿*URXS￿￿￿%ULWLVK
-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 0ROLQ￿/￿￿&XWOHU￿73￿￿+HODQGHU￿,￿￿1\IRUV￿%￿￿￿&RPSDUDWLYH￿(IILFDF\￿RI￿&DOFLSRWULRO￿&UHDP￿DQG
%HWDPHWKDVRQH￿9DOHUDWH￿&UHDP￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿-RXUQDO￿RI￿,QYHVWLJDWLYH￿'HUPDWRORJ\
￿￿￿￿￿￿6\PS￿3URF￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 2UWRQQH￿-3￿￿%D]H[￿-￿￿%LQHW￿2￿￿%RPEDUW￿0￿￿%UXQ￿3￿￿&DUUHDX￿2￿￿&KHYUDQW￿%UHWRQ￿-￿￿'H￿%HHU￿3￿
*URJQDUG￿&￿￿*XLOOHW￿*￿￿0DKX]LHU￿)￿￿0DUWLQHW￿&￿￿0D]HU￿-0￿￿0RUHO￿3￿￿2UWRQQH￿-3￿￿2VWRMLF￿$￿￿￿1REOH￿-3￿
3DVFDO￿0￿￿3RQV￿*XLUDXG￿$￿￿HW￿DO￿￿￿3VRULDVLV￿￿1HZ￿7KHUDSHXWLF￿0RGDOLW\￿E\￿&DOFLSRWULRO￿DQG
%HWDPHWKDVRQH￿'LSURSLRQDWH￿￿￿1RXYHOOHV￿'HUPDWRORJLTXHV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿￿ 3LQKHLUR￿1￿￿￿&RPSDUDWLYH￿(IIHFWV￿RI￿&DOFLSRWULRO￿2LQWPHQW￿￿￿￿￿PFJ￿J￿￿DQG￿￿￿￿&RDO￿7DU￿￿￿
$OODQWRLQ￿￿￿￿￿￿+\GURFRUWLVRQH￿&UHDP￿LQ￿7UHDWLQJ￿3ODTXH￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI￿&OLQLFDO￿3UDFWLFH
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 5X]LFND￿7￿￿.DOOLVFKQLJJ￿*￿￿/RUHQ]￿%￿￿6FKURGHU￿*￿￿￿&OLQLFDO￿HIILFDF\￿RI￿D￿0RQRWKHUDS\￿ZLWK￿&DOFLSRWULRO
2LQWPHQW￿&RPSDUHG￿WR￿&RPELQDWLRQ￿7KHUDS\￿ZLWK￿&DOFLSRWULRO￿2LQWPHQW￿DQG￿%HWDPHWKDVRQH￿9DOHUDWH
2LQWPHQW￿LQ￿3VRULDVLV￿9XOJDULV￿￿￿-RXUQDO￿RI￿,QYHVWLJDWLYH￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 5X]LFND￿7￿￿/RUHQ]￿%￿￿￿&RPSDULVRQ￿RI￿&DOFLSRWULRO￿0RQRWKHUDS\￿DQG￿D￿&RPELQDWLRQ￿RI￿&DOFLSRWULRO￿DQG
%HWDPHWKDVRQH￿9DOHUDWH￿DIWHU￿￿￿:HHNV￿￿7UHDWPHQW￿ZLWK￿&DOFLSRWULRO￿LQ￿WKH￿7RSLFDO￿7KHUDS\￿RI￿3VRULDVLV
9XOJDULV￿￿D￿0XOWLFHQWUH￿￿'RXEOH￿%OLQG￿￿5DQGRPL]HG￿6WXG\￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6DQGHU￿3￿￿6WXFNHU￿0￿￿+HUPHV￿1￿￿+RIIPDQQ￿.￿￿$OWPH\HU￿3￿￿￿>0RPHWDVRQH￿DQG￿&DOFLSRWULRO￿2SWLPL]H
WKH￿,QLWLDO￿7KHUDSHXWLF￿(IIHFW￿RI￿'LWKUDQRO￿LQ￿&KURQLF￿3HUVLVWHQW￿3VRULDVLV@￿￿>*HUPDQ@￿0RPHWDVRQ￿8QG
&DOFLSRWULRO￿2SWLPLHUHQ￿'HQ￿7KHUDSHXWLVFKHQ￿,QLWLDOHIIHNW￿9RQ￿'LWKUDQRO￿$XI￿'LH￿&KURQLVFK￿6WDWLRQDUH
3VRULDVLV￿￿&63￿￿￿￿+DXWDU]W￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6FDUSD￿&￿￿.RNHOM￿)￿￿3OR]]HU￿&￿￿/DYDURQL￿*￿￿￿(IILFDF\￿DQG￿7ROHUDELOLW\￿RI￿7DFDOFLWRO￿2LQWPHQW￿RQ
3VRULDWLF￿6NLQ￿￿6WXG\￿LQ￿￿￿￿3DWLHQWV￿￿￿-RXUQDO￿RI￿,QYHVWLJDWLYH￿'HUPDWRORJ\￿￿￿￿￿￿￿￿6\PS￿3URF￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6FDUSD￿&￿￿￿&DOFLSRWULRO￿￿&OLQLFDO￿7ULDO￿9HUVXV￿%HWDPHWKDVRQH￿'LSURSLRQDWH￿￿￿6DOLF\OLF￿$FLG￿￿￿$FWD
'HUPDWR￿9HQHUHRORJLFD￿￿￿￿￿￿￿￿￿￿￿6XSSOHPHQWXP￿￿￿￿￿￿
￿￿￿ 6FDUSD￿&￿￿￿7DFDOFLWRO￿2LQWPHQW￿LV￿DQ￿(IILFDFLRXV￿DQG￿:HOO￿WROHUDWHG￿7UHDWPHQW￿IRU￿3VRULDVLV￿￿￿-RXUQDO￿RI
WKH￿(XURSHDQ￿$FDGHP\￿RI￿'HUPDWRORJ\￿￿￿9HQHUHRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6HLGHQDUL￿6￿￿0DJQL￿5￿￿*LDQQHWWL￿$￿￿￿$VVHVVPHQW￿RI￿WKH￿$FWLYLW\￿RI￿7DFDOFLWRO￿RQ￿3VRULDWLF￿3ODTXHV￿%\
0HDQV￿RI￿&RORULPHWU\￿DQG￿+LJK￿)UHTXHQF\￿8OWUDVRXQG￿￿$￿'RXEOH￿%OLQG￿,QWUDVXEMHFW￿+DOI￿6LGH￿5LJKW￿
/HIW￿&RPSDULVRQ￿ZLWK￿%HWDPHWKDVRQH￿9DOHUDWH￿DQG￿3ODFHER￿￿6NLQ￿3KDUPDFRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6LVNLQ￿6%￿￿￿(IILFDF\￿DQG￿6DIHW\￿RI￿&DOFLSRWULRO￿2LQWPHQW￿&RPSDUHG￿WR￿)OXRFLQRQLGH￿￿￿￿QG￿,QWHUQDWLRQDO
6\PSRVLXP￿RQ￿&DOFLSRWULRO￿￿￿￿￿￿￿0RQDFR￿
￿￿￿ 7KDP￿61￿￿/XQ￿.&￿￿&KHRQJ￿:.￿￿￿$￿&RPSDUDWLYH￿6WXG\￿RI￿&DOFLSRWULRO￿2LQWPHQW￿DQG￿7DU￿LQ￿&KURQLF
3ODTXH￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 7RVWL￿$￿￿3LUDFFLQL￿%0￿￿&DPHOL￿1￿￿.RNHO\￿)￿￿3OR]]HU￿&￿￿&DQQDWD￿*(￿￿%HQHOOL￿&￿￿￿&DOFLSRWULRO￿2LQWPHQW￿LQ
1DLO￿3VRULDVLV￿￿$￿&RQWUROOHG￿'RXEOH￿%OLQG￿&RPSDULVRQ￿ZLWK￿%HWDPHWKDVRQH￿'LSURSLRQDWH￿DQG￿6DOLF\OLF
$FLG￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 9DQGHUYOHXWHQ￿&-0￿￿'HMRQJ￿(0*-￿￿5XOR￿(+)&￿￿*HUULWVHQ￿0-3￿￿9DQ￿'H￿.HUNKRI￿3&0￿￿￿,QSDWLHQW
7UHDWPHQW￿ZLWK￿&DOFLSRWULRO￿YHUVXV￿'LWKUDQRO￿LQ￿5HIUDFWRU\￿3VRULDVLV￿￿￿(XURSHDQ￿-RXUQDO￿RI￿'HUPDWRORJ\
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 9HLHQ￿1.￿￿%MHUNH￿-5￿￿5RVVPDQQ￿5LQJGDKO￿,￿￿-DNREVHQ￿+%￿￿￿2QFH￿'DLO\￿7UHDWPHQW￿RI￿3VRULDVLV￿ZLWK
7DFDOFLWRO￿&RPSDUHG￿ZLWK￿7ZLFH￿'DLO\￿7UHDWPHQW￿ZLWK￿&DOFLSRWULRO￿￿￿$￿'RXEOH￿%OLQG￿7ULDO￿￿￿%ULWLVK
-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ :DOO￿$5￿￿3R\QHU￿7)￿￿￿3VRULDVLV￿￿WKH￿%XUGHQ￿RI￿'LVHDVH￿%HIRUH￿￿'XULQJ￿DQG￿$IWHU￿7UHDWPHQW￿ZLWK
'RYRQH[￿2LQWPHQW￿RU￿'LWKURFUHDP￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿6XSSO￿￿￿￿￿￿￿￿￿
￿￿￿ :DOO￿￿$5-￿￿3R\QHU￿￿7)￿￿0HQGD\￿￿$3￿￿￿$￿&RPSDULVRQ￿RI￿7UHDWPHQW￿ZLWK￿'LWKUDQRO￿DQG￿&DOFLSRWULRO￿RQ
WKH￿&OLQLFDO￿6HYHULW\￿DQG￿4XDOLW\￿RI￿/LIH￿LQ￿3DWLHQWV￿ZLWK￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
/RQJ￿WHUP￿VWXGLHV
￿￿￿ &XOOHQ￿6,￿￿￿/RQJ￿WHUP￿(IIHFWLYHQHVV￿DQG￿6DIHW\￿RI￿7RSLFDO￿&DOFLSRWULHQH￿IRU￿3VRULDVLV￿￿￿6RXWKHUQ
0HGLFDO￿-RXUQDO￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 3R\QHU￿7￿￿+XJKHV￿,:￿￿'DVV￿%.￿￿$GQLWW￿3,￿￿￿/RQJ￿WHUP￿7UHDWPHQW￿RI￿&KURQLF￿3ODTXH￿3VRULDVLV￿ZLWK
&DOFLSRWULRO￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
￿￿￿ 5DPVD\￿&$￿￿%HUWKMRQHV￿-￿￿%UXQGLQ￿*￿￿&XQOLIIH￿:-￿￿'XEHUWUHW￿/￿￿9DQ￿'H￿.HUNKRI￿3&0￿￿0HQQH￿7￿
:HJPDQQ￿(￿￿￿/RQJ￿WHUP￿8VH￿RI￿7RSLFDO￿&DOFLSRWULRO￿LQ￿&KURQLF￿3ODTXH￿3VRULDVLV￿￿￿'HUPDWRORJ\￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 9DQ￿'H￿.HUNKRI￿3￿￿9DQGHUYOHXWHQ￿&￿￿*HUULWVHQ￿0￿￿*ODGH￿&￿￿/XJHU￿7￿￿:HUIHO￿7￿￿.OXVV￿%￿￿￿/RQJ￿WHUP
(IILFDF\￿DQG￿6DIHW\￿RI￿2QFH￿'DLO\￿7UHDWPHQW￿RI￿&KURQLF￿3ODTXH￿3VRULDVLV￿ZLWK￿7DFDOFLWRO￿2LQWPHQW￿
(XURSHDQ￿-RXUQDO￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ $QRQ\PRXV￿￿￿$OOHUJDQ￿￿7D]RUDF￿￿￿￿:HHN 3RVW￿7UHDWPHQW￿0DLQWHQDQFH￿7KHUDSHXWLF￿%HQHILW￿'DWD￿LV
IURP￿2QH￿6WXG\￿￿([SOLFLW￿0DLQWHQDQFH￿&ODLP￿'HQLHG￿￿￿)'&￿5HSRUWV￿3KDUPDFHXWLFDO￿$SSURYDOV￿0RQWKO\
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
(FRQRPLF￿DQDO\VLV
￿￿￿ )HOGPDQ￿65￿￿)OHLVFKHU￿$%￿￿5HERXVVLQ￿'0￿￿5DSS￿65￿￿%UDGKDP￿''￿￿([XP￿0/￿￿&ODUN￿$5￿￿￿7KH
(FRQRPLF￿,PSDFW￿RI￿3VRULDVLV￿,QFUHDVHV￿ZLWK￿3VRULDVLV￿6HYHULW\￿￿￿-RXUQDO￿RI￿WKH￿$PHULFDQ￿$FDGHP\￿RI
'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 3R\QHU￿￿7)￿￿:DOO￿￿$5-￿￿$GQLWW￿￿3,￿￿0HQGD\￿￿$3￿￿￿(FRQRPLF￿,PSDFW￿RI￿3VRULDVLV￿7UHDWPHQW￿RQ￿WKH
3DWLHQW￿DQG￿RQ￿WKH￿1DWLRQDO￿+HDOWK￿6HUYLFH￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ /HX￿5(￿￿￿(FRQRPLF￿(YDOXDWLRQ￿RI￿1HZ￿'UXJ￿7KHUDSLHV￿LQ￿7HUPV￿RI￿,PSURYHG￿/LIH￿4XDOLW\￿￿￿6RFLDO
6FLHQFH￿￿￿0HGLFLQH￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ =XJ￿.$￿￿/LWWHQEHUJ￿%￿￿%DXJKPDQ￿5'￿￿.QHHODQG￿7￿￿1HDVH￿5)￿￿6XPQHU￿:￿￿2￿&RQQRU￿*7￿￿-RQHV￿5￿
0RUULVRQ￿(￿￿&LPLV￿5￿￿￿$VVHVVLQJ￿WKH￿3UHIHUHQFHV￿RI￿3DWLHQWV￿ZLWK￿3VRULDVLV￿￿$￿4XDQWLWDWLYH￿￿8WLOLW\
$SSURDFK￿￿￿$UFKLYHV￿RI￿'HUPDWRORJ\￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ /DPEHUW￿-50*￿￿￿(FRQRPLF￿$QDO\VHV￿RI￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿￿￿(XURSHDQ￿-RXUQDO￿RI￿'HUPDWRORJ\
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ /DPEHUW￿-50*￿￿￿&RVW￿(IIHFWLYHQHVV￿RI￿7UHDWPHQWV￿LQ￿3VRULDVLV￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW
￿￿￿￿￿￿￿￿￿6XSSO￿￿￿￿6￿￿6￿￿￿
￿￿￿ 'H￿7LHGUD￿$*￿￿0HUFDGDO￿-￿￿/R]DQR￿5￿￿￿3UHGQLFDUEDWH￿9HUVXV￿)OXRFRUWLQH￿)RU￿,QIODPPDWRU\
'HUPDWRVHV￿￿￿$￿&RVW￿￿(IIHFWLYHQHVV￿6WXG\￿￿￿3KDUPDFRHFRQRPLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿3W￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ +DUULQJWRQ￿&,￿￿￿&RVW￿(IIHFWLYHQHVV￿$QDO\VLV￿RI￿&DOFLSRWULRO￿2LQWPHQW￿DQG￿￿6KRUW￿&RQWDFW￿￿'LWKUDQRO￿LQ
7UHDWLQJ￿0LOG￿7R￿0RGHUDWH￿3VRULDVLV￿￿￿%ULWLVK￿-RXUQDO￿2I￿0HGLFDO￿(FRQRPLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 0DUFKHWWL￿$￿￿/DSHQVHH￿.￿￿$Q￿3￿￿￿$￿3KDUPDFRHFRQRPLF￿$QDO\VLV￿RI￿7RSLFDO￿7KHUDSLHV￿IRU￿3DWLHQWV￿ZLWK
0LOG￿7R￿0RGHUDWH￿6WDEOH￿3ODTXH￿3VRULDVLV￿￿$￿86￿6WXG\￿￿￿&OLQLFDO￿7KHUDSHXWLFV￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 2K￿3,￿￿*XSWD￿$.￿￿(LQDUVRQ￿75￿￿0DHURY￿3￿￿6KHDU￿1+￿￿￿&DOFLSRWULRO￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿RI
/LPLWHG￿6HYHULW\￿￿3KDUPDFRHFRQRPLF￿(YDOXDWLRQ￿￿￿-RXUQDO￿RI￿&XWDQHRXV￿0HGLFLQH￿DQG￿6XUJHU\￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 2ZHQ￿2*￿￿￿+HDOWK\￿5HWXUQV￿&RPH￿IURP￿&RVWO\￿'UXJ￿￿￿3UHVFULELQJ￿DQ￿([SHQVLYH￿'UXJ￿PD\￿EH￿WKH￿0RVW
&RVW￿(IIHFWLYH￿:D\￿WR￿7UHDW￿3DWLHQWV￿￿￿+HDOWKFDUH￿0DQDJHPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 3DURGL￿$￿￿*XDUUHUD￿0￿￿9RORQWH￿09￿￿￿0HGLFDWHG￿7DSH￿YHUVXV￿&UHDP￿)RUPXODWLRQ￿￿￿D￿0DMRU￿6DYLQJ￿RI
)OXRFLQRORQH￿$FHWRQLGH￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6FKZLFNHU￿'￿￿'LQNHO￿5￿￿$QWXQHV￿+&￿￿￿$￿&RVW￿&RPSDULVRQ￿6WXG\￿￿8OREHWDVRO￿9HUVXV￿&OREHWDVRO￿LQ
6HYHUH￿/RFDOL]HG￿3VRULDVLV￿￿￿-RXUQDO￿RI￿'HUPDWRORJLFDO￿7UHDWPHQW￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿ 6WHUQ￿56￿￿￿7KH￿%HQHILWV￿￿&RVWV￿DQG￿5LVNV￿RI￿7RSLFDO￿7DU￿3UHSDUDWLRQV￿LQ￿WKH￿7UHDWPHQW￿RI￿3VRULDVLV￿
&RQVLGHUDWLRQV￿RI￿&RVW￿(IIHFWLYHQHVV￿￿￿$QQDOV￿RI￿WKH￿$FDGHP\￿RI￿0HGLFLQH￿￿6LQJDSRUH￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿￿￿￿￿￿7RSLFDO￿SUHSDUDWLRQV￿IRU￿WKH￿WUHDWPHQW￿RI￿SVRULDVLV￿LQ￿SULPDU\￿FDUH ￿￿
$SSHQGL[
$￿6\VWHPDWLF￿5HYLHZ￿RI￿7RSLFDO￿3UHSDUDWLRQV￿IRU￿WKH
7UHDWPHQW￿RI￿3VRULDVLV￿LQ￿3ULPDU\￿&DUH7DEOH￿$￿￿ $YDLODELOLW\￿DQG￿SRWHQF\￿UDWLQJV￿RI￿FRUWLFRVWHURLGV￿LQ￿WKH￿8.￿DQG￿86$
9HKLFOH 'UXJ￿1DPH 6WUHQJWK 3RWHQF\￿5DWLQJ
&UHDP 2LQWPHQW 2WKHU
8. 86 8. 86 8. 86 8. 86
$OFORPHWDVRQH￿GLSURSLRQDWH ￿￿￿￿￿ 0RGHUDWH /RZ < < < < 1 1
$PFLQRQLGH ￿￿￿￿ 1$ +LJK 1$ < 1$ < 1$ /RWLRQ
$XJPHQWHG￿EHWDPHWKDVRQH￿GLSURSLRQDWH ￿￿￿￿￿ 1$ +LJK 1$ < 1$ <￿ 1$ *HO￿￿/RWLRQ
%HFORPHWDVRQH￿GLSURSLRQDWH ￿￿￿￿￿￿ 3RWHQW 1$ < 1$ < 1$ 1 1$
%HWDPHWKDVRQH￿￿DV￿GLSURSLRQDWH￿ ￿￿￿￿￿ 3RWHQW +LJK < < < < /RWLRQ /RWLRQ￿
%HWDPHWKDVRQH￿￿DV￿YDOHUDWH￿ ￿￿￿￿￿ 1$ 0LOG 1$ < 1$ 1 1$ 1
%HWDPHWKDVRQH￿￿DV￿YDOHUDWH￿ ￿￿￿￿￿￿ 0RGHUDWH 1$ < 1$ < 1$ 1 1$
%HWDPHWKDVRQH￿￿DV￿YDOHUDWH￿ ￿￿￿￿ 3RWHQW 0HGLXP < < < 1 /RWLRQ￿￿6FDOS￿DSSOLFDWLRQ 1
%HWDPHWKDVRQH￿EHQ]RDWH ￿￿￿￿￿￿ 1$ 0HGLXP 1$ < 1$ 1 1$ *HO￿￿/RWLRQ
&OREHWDVRO￿SURSLRQDWH ￿￿￿￿￿ 9HU\￿SRWHQW 9HU\￿KLJK < < < < 6FDOS￿DSSOLFDWLRQ 6FDOS￿DSSOLFDWLRQ￿￿*HO
&OREHWDVRQH￿EXW\UDWH ￿￿￿￿￿ 0RGHUDWH 1$ < 1$ < 1$ 1 1$
&ORFRUWRORQH￿SLYDODWH ￿￿￿￿ 1$ 0HGLXP 1$ < 1$ 1 1$ 1
'HVRQLGH ￿￿￿￿￿ 1$ /RZ 1$ < 1$ < 1$ <
'HVR[LPHWDVRQH ￿￿￿￿￿ 0RGHUDWH 0HGLXP 1 < 1 1 2LO\￿FUHDP *HO￿
'HVR[LPHWDVRQH ￿￿￿￿￿ 3RWHQW +LJK 1 < 1 < /RWLRQ 1
'H[DPHWKDVRQH ￿￿￿￿￿￿￿￿￿￿￿￿ 1$ /RZ 1$ 1 1$ 1 1$ $HURVRO
'H[DPHWKDVRQH￿VRGLXP￿SKRVSKDWH ￿￿￿￿ 1$ /RZ 1$ < 1$ 1 1$ 1
'LIORUDVRQH￿GLDFHWDWH ￿￿￿￿￿ 1$ +LJK 1$ < 1$ <￿ 1$ 1
'LIOXFRUWRORQH￿YDOHUDWH ￿￿￿￿ 3RWHQW 1$ < 1$ < 1$ 2LO\￿FUHDP 1$
'LIOXFRUWRORQH￿YDOHUDWH ￿￿￿￿ 9HU\￿SRWHQW 1$ 1 1$ < 1$ 2LO\￿FUHDP 1$
)OXRFLQRORQH￿DFHWRQLGH ￿￿￿￿￿￿￿ 0LOG 1$ < 1$ 1 1$ 1 1$
￿ 86￿SRWHQF\￿UDWLQJ￿IRU￿$%'￿RLQWPHQW￿￿YHU\￿KLJK
￿ 86￿SRWHQF\￿UDWLQJ￿IRU￿EHWDPHWKDVRQH￿GLSURSLRQDWH￿ORWLRQ￿￿PHGLXP
￿ 86￿SRWHQF\￿UDWLQJ￿IRU￿GHVR[LPHWDVRQH￿JHO￿￿KLJK
￿ 86￿SRWHQF\￿UDWLQJ￿IRU￿GLIORUDVRQH￿GLDFHWDWH￿RLQWPHQW￿ZLWK￿RFFOXVLYH￿EDVH￿￿YHU\￿KLJK7DEOH￿$￿￿ $YDLODELOLW\￿DQG￿SRWHQF\￿UDWLQJV￿RI￿FRUWLFRVWHURLGV￿LQ￿WKH￿8.￿DQG￿86$￿￿FRQWLQXHG￿￿
9HKLFOH 'UXJ￿1DPH 6WUHQJWK 3RWHQF\￿5DWLQJ
&UHDP 2LQWPHQW 2WKHU
8. 86 8. 86 8. 86 8. 86
)OXRFLQRORQH￿DFHWRQLGH ￿￿￿￿￿￿￿￿ 0RGHUDWH 1$ < 1$ < 1$ 1 1$
)OXRFLQRORQH￿DFHWRQLGH ￿￿￿￿￿ 1$ /RZ 1$ < 1$ 1 1$ 6ROXWLRQ￿￿6KDPSRR￿￿2LO
)OXRFLQRORQH￿DFHWRQLGH ￿￿￿￿￿￿ 3RWHQW 0HGLXP < < < < *HO 1
)OXRFLQRORQH￿DFHWRQLGH ￿￿￿￿ 1$ +LJK 1$ < 1$ 1 1$ 1
)OXRFLQRQLGH ￿￿￿￿￿ 3RWHQW +LJK <￿ < < < 6FDOS￿/RWLRQ *HO￿￿6ROXWLRQ
)OXRFRUWRORQH ￿￿￿￿￿ 0RGHUDWH 1$ < 1$ < 1$ 1 1$
)OXUDQGUHQROLGH ￿￿￿￿￿￿ 1$ 0HGLXP 1$ < 1$ < 1$ 1
)OXUDQGUHQROLGH ￿￿￿￿￿ 1$ 0HGLXP 1$ < 1$ < 1$ /RWLRQ￿￿7DSH￿
)OXUDQGUHQRORQH￿￿￿)OXGUR[\FRUWLGH ￿￿￿￿￿￿￿ 0RGHUDWH 1$ < 1$ < 1$ 7DSH￿ 1$
)OXWLFDVRQH￿SURSLRQDWH ￿￿￿￿￿￿ 3RWHQW 0HGLXP 1 1 < < 1 1
)OXWLFDVRQH￿SURSLRQDWH ￿￿￿￿￿ 3RWHQW 0HGLXP < < 1 1 1 1
+DOFLQRQLGH ￿￿￿￿￿￿ 1$ 16 1$ < 1$ 1 1$ 1
+DOFLQRQLGH ￿￿￿￿ 9HU\￿SRWHQW +LJK < < 1 < 1 6ROXWLRQ
+DOREHWDVRO￿SURSLRQDWH ￿￿￿￿￿ 1$ 9HU\￿KLJK 1$ < 1$ < 1$ 1
+\GURFRUWLVRQH ￿￿￿￿ 0LOG 1$ < 1$ 1 1$ 1 1$
+\GURFRUWLVRQH ￿￿￿￿￿ 1$ /RZ 1$ 1 1$ 1 1$ /RWLRQ
+\GURFRUWLVRQH ￿￿ 0LOG /RZ < < < < /LSRFUHDP /RWLRQ￿￿6ROXWLRQ￿￿*HO￿￿3XPS
VSUD\￿￿6WLFN￿￿5ROO￿RQ
+\GURFRUWLVRQH ￿￿ 1$ /RZ 1$ 1 1$ 1 1$ /RWLRQ
+\GURFRUWLVRQH ￿￿￿￿ 1$ /RZ 1$ < 1$ < 1$ /RWLRQ
+\GURFRUWLVRQH ￿￿￿￿￿ 0LOG /RZ < < < < 1 /RWLRQ￿￿$HURVRO￿￿*HO
+\GURFRUWLVRQH￿DFHWDWH ￿￿￿￿ 1$ /RZ 1$ 1 1$ 1 1$ 6ROXWLRQ
+\GURFRUWLVRQH￿DFHWDWH ￿￿￿￿ 1$ /RZ 1$ < 1$ < 1$ 1
￿ )$3*￿FUHDP
￿ 'RVDJH￿IRU￿WDSH￿￿￿￿PFJ￿FP￿7DEOH￿$￿￿ $YDLODELOLW\￿DQG￿SRWHQF\￿UDWLQJV￿RI￿FRUWLFRVWHURLGV￿LQ￿WKH￿8.￿DQG￿86$￿￿FRQWLQXHG￿￿
9HKLFOH 'UXJ￿1DPH 6WUHQJWK 3RWHQF\￿5DWLQJ
&UHDP 2LQWPHQW 2WKHU
8. 86 8. 86 8. 86 8. 86
+\GURFRUWLVRQH￿DFHWDWH ￿￿ 0LOG /RZ < < < < 1 1
+\GURFRUWLVRQH￿EXW\UDWH ￿￿￿￿ 3RWHQW 0HGLXP < 1 < < /LSRFUHDP￿￿6FDOS￿ORWLRQ￿
/RWLRQ
6ROXWLRQ
+\GURFRUWLVRQH￿YDOHUDWH ￿￿￿￿ 1$ 0HGLXP 1$ < 1$ < 1$ 1
0HWK\OSUHGQLVRORQH￿DFHWDWH ￿￿￿￿￿ 1$ 16 1$ 1 1$ < 1$ 1
0HWK\OSUHGQLVRORQH￿DFHWDWH ￿￿ 1$ 16 1$ 1 1$ < 1$ 1
0RPHWDVRQH￿IXURDWH ￿￿￿￿ 3RWHQW 0HGLXP < < < < /RWLRQ 6FDOS￿/RWLRQ
3UHGQLFDUEDWH ￿￿￿￿ 1$ 16 1$ < 1$ 1 1$ 1
7ULDPFLQRORQH￿DFHWRQLGH ￿￿￿￿￿￿ 1$ 0HGLXP 1$ < 1$ < 1$ /RWLRQ
7ULDPFLQRORQH￿DFHWRQLGH ￿￿￿￿ 3RWHQW 0HGLXP < < < < 1 /RWLRQ
7ULDPFLQRORQH￿DFHWRQLGH ￿￿￿￿ 1$ +LJK 1$ < 1$ < 1$ 17DEOH￿%￿￿￿'HVFULSWLRQ￿RI￿SODFHER￿FRQWUROOHG￿WULDOV
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
$JUXS
HW￿DO￿￿￿￿￿￿
%XGHVRQLGH￿RLQWPHQW
￿￿￿￿￿￿￿%'
3ODFHER￿￿YHKLFOH￿
3VRULDVLV YXOJDULV￿￿VWDEOH
V\PPHWULFDO￿OHVLRQV￿RI￿WKH
VDPH￿PRUSKRORJ\￿￿DGXOW
3UHJQDQF\￿￿UHFHLYLQJ￿VWHURLG
SUHSDUDWLRQV
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ 1RW￿UHSRUWHG
,QYHVWLJDWRU￿V￿SUHIHUHQFH
3DWLHQW￿V￿SUHIHUHQFH
%DDGVJDDUG
HW￿DO￿￿￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿
￿￿￿FRQFHQWUDWLRQV￿±
￿￿￿￿￿￿￿￿￿J￿J￿￿2'
3ODFHER￿￿YHKLFOH￿
8QWUHDWHG￿DUHD
3VRULDVLV￿YXOJDULV￿￿766￿ï￿
RQ￿￿￿SW￿VFDOH￿
$FXWH￿JXWWDWH￿SVRULDVLV￿￿SUHJQDQF\￿
ODFWDWLRQ￿￿UHFHQW￿V\VWHPLF￿WUHDWPHQW￿
SRRU￿UHVSRQVH￿WR￿VWHURLGV
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
1XUVH￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿
%&￿ <HV
6LJQV
>HU\WKHPD￿￿LQILOWUDWLRQ￿￿VFDOLQJ@
7RWDO￿6LJQ￿6FRUH
'HJUHH￿RI￿+HDOLQJ
%HUQKDUG
HW￿DO￿￿￿￿￿￿
+DOREHWDVRO￿￿￿￿￿￿
RLQWPHQW￿￿%'
3ODFHER￿￿9HKLFOH￿
%LODWHUDO￿￿FRPSDUDEOH
SVRULDVLV￿RI￿DW￿OHDVW
PRGHUDWH￿VHYHULW\￿￿DGXOW￿￿DW
OHDVW￿￿￿VLJQV￿RU￿V\PSWRPV
ï￿￿RQ￿D ￿￿SW￿VFDOH￿
1RQH￿UHSRUWHG 'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
'HOLYHU\￿XQFOHDU
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ ,QDGHTXDWHO\￿UHSRUWHG
6LJQV
>HU\WKHPD￿￿SODTXH￿HOHYDWLRQ￿
VFDOLQJ￿￿RYHUDOO￿OHVLRQ￿VHYHULW\@
3DWLHQW￿JOREDO￿DVVHVVPHQW
%HUQKDUG
HW￿DO￿￿￿￿￿￿
+DOREHWDVRO￿￿￿￿￿￿
RLQWPHQW￿￿%'
3ODFHER￿￿9HKLFOH￿
3ODTXH￿SVRULDVLV￿RI￿DW￿OHDVW
PRGHUDWH￿VHYHULW\￿￿DGXOW￿
VLJQV￿ï￿￿RQ￿D￿￿￿SW￿VFDOH￿
%6$￿￿￿￿￿￿
1RQH￿UHSRUWHG 'RXEOH￿EOLQG
3DUDOOHO￿JURXS
'HOLYHU\￿XQFOHDU
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ ,QDGHTXDWHO\￿UHSRUWHG
6LJQV￿
>HU\WKHPD￿￿LQGXUDWLRQ￿￿VFDOLQJ@
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
%XFNOH\￿￿￿￿￿￿ 'LWKUDQRO￿￿￿￿￿￿LQ￿D
FDUEDPLGH￿￿￿￿￿￿XUHD￿
EDVH￿￿3VRUDGUDWH￿￿￿%'
3ODFHER￿￿9HKLFOH￿
$FWLYH￿FKURQLF￿SVRULDVLV￿
OHVLRQV￿DSSUR[LPDWHO\
V\PPHWULFDOO\￿GLVWULEXWHG￿
1RQH￿UHSRUWHG 'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿
%&￿ 1RW￿UHSRUWHG
-DFRE\￿DVVHVVPHQW￿VFRUH
￿￿￿￿￿VFRUH￿WUDQVIRUPHG￿WR￿￿￿FOLQLFDO
LPSURYHPHQW￿
3KRWRJUDSKLF￿HYDOXDWLRQ
2YHUDOO￿SDWLHQW￿DVVHVVPHQW
&DOOHQ￿￿￿￿￿￿ )OXWLFDVRQH￿SURSLRQDWH
￿￿￿￿￿￿￿%'
9HKLFOH￿￿%'
0RGHUDWH￿WR￿VHYHUH
SVRULDVLV
3DWLHQWV￿ZLWK￿D￿KLVWRU\￿RI￿DOFRKROLVP￿
GUXJ￿DEXVH￿￿SV\FKRVLV￿￿SRRU
PRWLYDWLRQ￿￿HPRWLRQDO￿SUREOHPV￿
DQWDJRQLVWLF￿SHUVRQDOLW\
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ 8QFOHDU
7'￿ ￿￿ZNV
/)￿ 1RW￿UHSRUWHG
%&￿ 1RW￿UHSRUWHG
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
3DWLHQW￿DVVHVVPHQW￿RI￿HIIHFWLYHQHVV
6HYHULW\
>HU\WKHPD￿￿LQGXUDWLRQ￿￿VFDOLQJ￿
SUXULWXV@
￿ (QUROPHQW￿GHILQLWLRQV
1￿￿1XPEHU￿RI￿SDWLHQWV￿UDQGRPLVHG
7'￿￿7UHDWPHQW￿GXUDWLRQ￿DQG￿OHQJWK￿RI￿IROORZ￿XS￿￿)8￿￿LI￿WKH￿VWXG\￿FRQWLQXHG￿EH\RQG￿FHVVDWLRQ￿RI￿WUHDWPHQW￿￿)8￿LQFOXGHV￿WKH￿WUHDWPHQW￿SHULRG
/)￿￿/RVV￿WR￿IROORZ￿XS￿￿GHILQHG￿DV￿SDWLHQWV￿UDQGRPLVHG￿￿QRW￿FRQWULEXWLQJ￿WR￿SULPDU\￿RXWFRPH￿PHDVXUH
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&￿￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿UHVFDOHG￿DV￿￿￿￿ZRUVH￿￿￿￿FOHDU￿
&￿￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿
&￿￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿
&￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿
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.UXHJHU
HW￿DO￿￿￿￿￿￿
7D]DURWHQH￿JHO￿￿7￿
￿￿￿￿￿￿RU￿￿￿￿￿￿￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿6HYHULW\6FRUH￿￿￿￿￿￿￿
>HU\WKHPD￿￿SODTXH￿HOHYDWLRQ￿￿VFDOLQJ@
,QYHVWLJDWRU￿V￿JOREDO￿DVVHVVPHQW￿￿￿￿SW￿
1R￿DGHTXDWH￿GDWD￿UHSRUWHG￿RU￿DYDLODEOH￿IURP￿DXWKRU
RU￿VSRQVRU
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:)￿ 15
$(￿ ￿/￿￿￿15￿￿7￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿
/DQH
HW￿DO￿￿￿￿￿￿
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿%￿￿RLQWPHQW￿
￿￿￿￿￿￿2'
'LIORUDVRQH￿GLDFHWDWH
RLQWPHQW￿￿'￿￿￿￿￿￿￿￿￿2'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VHYHULW\￿VFRUH￿￿￿￿￿￿￿
%￿￿￿￿￿￿￿1 ￿￿￿￿￿'￿￿￿￿￿￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿1 ￿￿￿
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$(￿ 15
/DQJQHU
HW￿DO￿￿￿￿￿￿
&DOFLWULRO￿RLQWPHQW￿￿&￿
￿￿￿PFJ￿J￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿ ZRUVH￿￿￿ FOHDU￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿15￿
&￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿15
/DQJQHU
HW￿DO￿￿￿￿￿￿
&DOFLWULRO￿RLQWPHQW￿￿&￿
￿￿PFJ￿J￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿ ZRUVH￿￿￿ FOHDU￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿
&￿6￿￿￿15￿￿3￿6￿￿￿15
/HSDZ￿￿￿￿￿ +DOFLQRQLGH￿VROXWLRQ￿￿+￿
￿￿￿￿￿￿7,'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
2YHUDOO￿WKHUDSHXWLF￿UHVSRQVH
￿￿￿SW￿￿￿ SRRU￿￿￿H[FHOOHQW￿
+￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ +￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ +￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿
:)￿ 15
$(￿ +￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿￿￿6￿￿￿15
0HGDQVN\￿HW
DO￿￿￿￿￿￿
0RPHWDVRQH￿IXURDWH
RLQWPHQW￿￿0￿￿￿￿￿￿￿￿2'
9HKLFOH￿￿3￿
2'
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
0￿￿￿￿￿￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿￿￿SW￿￿UHVFDOHG￿DV￿￿￿SW￿￿￿ QR FKDQJH￿RU￿ZRUVH￿
￿ FOHDUHG￿RU￿PDUNHG￿LPSURYHPHQW￿
0￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
7:￿ 15
:$￿ 0￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ 15
$(￿ 0￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿￿
0￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿
0RUWHQVHQ
HW￿DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿J￿J￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
3$6,￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ 15
$(￿ &￿/￿￿￿15￿￿3￿/￿￿￿15￿
&￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿
2OVHQ￿￿￿￿￿￿ &OREHWDVRO￿SURSLRQDWH￿￿&￿
￿￿￿￿￿￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿V￿JOREDO￿DVVHVVPHQW
￿￿￿SW￿￿UH￿VFDOHG￿DV￿ZRUVH￿ ￿￿￿￿FOHDUHG￿ ￿￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
&￿￿￿￿￿￿￿1 ￿￿￿￿￿￿3￿￿￿￿￿￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿
:$￿ &￿/￿￿￿￿￿￿￿￿￿￿3￿/￿￿ ￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿7DEOH￿&￿￿￿6XPPDU\￿ILQGLQJV￿IURP￿SODFHER￿FRQWUROOHG￿WULDOV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV 5HSRUWHG￿2XWFRPH￿PHDVXUHV :LWKGUDZDO￿DQG￿$GYHUVH￿(YHQWV￿
2OVHQ￿￿￿￿￿￿
￿WZR￿WULDOV￿
)OXWLFDVRQH￿SURSLRQDWH￿￿)￿
￿￿￿￿￿￿￿RLQWPHQW
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿￿￿￿SW￿￿￿￿ FOHDUHG￿
￿ ZRUVH￿￿HVWLPDWHG￿IURP￿￿￿SRLQWV￿
>￿@￿￿)￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
>￿@￿￿)￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿
1 ￿￿￿￿
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:)￿ 15
$(￿ %RWK￿6WXGLHV￿WRJHWKHU￿
)￿/￿￿￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿￿￿￿6￿￿￿15
2UDQMH
HW￿DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿￿￿￿J￿J￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
3$6,￿￿￿￿UHGXFWLRQ￿
&￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿
1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿￿￿SW￿￿￿￿ZRUVH￿￿￿￿FOHDU￿
&￿￿￿￿￿￿ ￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ 15
:)￿ 15
$(￿ &￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿
2UPHURG
HW￿DO￿￿￿￿￿￿
%HWDPHWKDVRQH￿9DOHUDWH
￿%￿
RLQWPHQW￿￿￿￿￿￿%'
:KLWH￿VRIW￿SDUDIILQ￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿￿
%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
￿'DWD￿UHFHLYHG￿DIWHU￿DQDO\VLV￿DQG￿QRW￿LQFOXGHG￿
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:$￿ 15
:)￿ 15
$(￿ 15
3DULVHU
HW￿DO￿￿￿￿￿￿
&DOFLSRWULHQH￿￿&￿
RLQWPHQW￿￿￿￿￿￿￿￿2'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VHYHULW\￿VFRUH￿￿￿￿￿￿￿
&￿￿￿￿￿￿￿￿1 ￿￿￿￿￿￿3￿￿￿￿￿￿￿￿1 ￿￿￿￿
￿1￿HVWLPDWHG￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿￿￿￿￿￿￿
1R￿DGHTXDWH￿GDWD￿UHSRUWHG￿RU￿DYDLODEOH￿IURP￿DXWKRU
RU￿VSRQVRU
7:￿ 15
:$￿ 15
:)￿ 15
$(￿ 15
3HUH]
HW￿DO￿￿￿￿￿￿
&DOFLWULRO￿￿&￿
￿￿￿￿J￿J￿2'
3ODFHER￿￿3￿
$W￿￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿￿SW￿￿UH￿VFDOHG￿DV￿￿ ZRUVH￿￿￿ H[FHOOHQW
LPSURYHPHQW￿
&￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7RWDO￿VHYHULW\￿VFRUH￿￿￿￿￿￿
&￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ &￿￿￿￿￿￿￿￿3￿ ￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿15￿
&￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿
6FDUSD￿HW￿DO￿
￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿￿7￿
￿￿PFJ￿J￿￿2'
9HKLFOH￿￿3￿
2'
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿
7￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿1 ￿￿￿
7:￿ 7￿￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿
:$￿ 7￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿
:)￿ 7￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿
$(￿ 7￿/￿￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿￿￿￿6￿￿￿15
6HDUV
HW￿DO￿￿￿￿￿
+\GURFRUWLVRQH￿EXWHSUDWH
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3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿￿DGMXVWHG￿IRU￿EDVHOLQH￿
+￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
1R￿DGHTXDWH￿GDWD￿UHSRUWHG￿RU￿DYDLODEOH￿IURP￿DXWKRU
RU￿VSRQVRU
7:￿ +￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿
:$￿ +￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ +￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ +￿/￿6￿￿￿￿￿￿￿￿￿￿3￿/￿6￿￿￿￿￿￿￿￿￿
6HIWRQ
HW￿DO￿￿￿￿￿
+\GURFRUWLVRQH￿YDOHUDWH
￿+￿
￿￿￿￿￿RLQWPHQW￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿￿￿￿SW￿￿
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6HLGHQDUL
HW￿DO￿￿￿￿￿
7DFDOFLWRO￿￿7￿
RLQWPHQW￿￿￿￿J￿J￿2'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
7￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ 7￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
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6WDEHUJ
HW￿DO￿￿￿￿￿￿
&DOFLSRWULRO￿￿&￿
FUHDP￿￿￿￿￿￿￿J￿J￿%'
3ODFHER￿FUHDP
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿
&￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿
7:￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿3￿/￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿7DEOH￿&￿￿￿6XPPDU\￿ILQGLQJV￿IURP￿SODFHER￿FRQWUROOHG￿WULDOV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV 5HSRUWHG￿2XWFRPH￿PHDVXUHV :LWKGUDZDO￿DQG￿$GYHUVH￿(YHQWV￿
6XGLORYVN\
HW￿DO￿￿￿￿￿￿
+DOFLQRQLGH￿￿+￿
FUHDP￿￿￿￿￿￿2'￿￿￿YHKLFOH
FUHDP￿%'
3ODFHER￿￿3￿￿7'
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
1R￿DGHTXDWH￿GDWD￿UHSRUWHG￿RU￿DYDLODEOH￿IURP￿DXWKRU
RU￿VSRQVRU
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$(￿ ￿/￿￿￿15￿￿+￿6￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿
6\HG￿HW￿DO￿
￿￿￿￿
$ORH￿YHUD￿H[WUDFW￿￿￿￿￿￿￿$￿
K\GURSKLOLF￿FUHDP￿￿7'6
3ODFHER￿FUHDP￿￿7'6￿￿3￿
$W￿￿￿ZHHNV￿
3$6,￿
0HDQ￿3$6,￿DW￿￿￿ZHHNV￿￿$￿￿￿￿￿￿￿1 ￿￿￿￿￿3￿￿￿￿￿
￿1 ￿￿￿
7:￿ $￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ $￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ $￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ $￿/￿6￿￿￿￿￿￿￿￿￿3￿/￿6￿￿￿￿￿￿￿
9DQ￿GH
.HUNKRI
￿￿￿￿
&DOFLWULRO￿￿&￿
VROXWLRQ￿￿￿￿J￿PO￿￿%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿6LJQ￿6FRUH￿￿￿￿￿￿
&￿￿￿￿￿￿￿3￿￿￿￿￿￿￿1 ￿￿
7:￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ &￿/￿6￿￿￿￿￿￿￿￿￿3￿/￿6￿￿￿￿￿￿￿
9DQ￿GH
.HUNKRI
HW￿DO￿￿￿￿￿￿D
7DFDOFLWRO￿￿7￿
RLQWPHQW￿￿￿￿J￿J￿2'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿￿￿DGMXVWHG￿IRU￿EDVHOLQH￿
7￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿￿￿SW￿￿UH￿VFDOHG￿DV￿￿ SRRU￿￿￿ YHU\￿JRRG￿
7￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿￿
7:￿ 7￿￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿
:$￿ 7￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿
:)￿ 15
$(￿ ￿/￿￿￿15￿￿7￿6￿￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿￿
9DQ￿GH
.HUNKRI￿HW￿DO￿
￿￿￿￿E
+\GURFRUWLVRQH￿￿￿
EXW\UDWH￿￿￿￿￿￿HPXOVLRQ
%'
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
2YHUDOO￿DVVHVVPHQW￿
1R￿DGHTXDWH￿GDWD￿UHSRUWHG￿RU￿DYDLODEOH￿IURP￿DXWKRU
RU￿VSRQVRU
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9DQGHU3ORHJ￿
￿￿￿￿
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿%￿
RLQWPHQW￿￿￿￿￿￿￿￿￿%'
9HKLFOH￿￿%'￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
%￿￿￿￿￿￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿￿￿SW￿￿UH￿VFDOHG￿DV￿￿ H[DFHUEDWLRQ￿￿￿ H[FHOOHQW￿
%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
7:￿ %￿3￿￿￿￿￿￿￿￿%￿￿15￿￿3￿￿15
:$￿ %￿ ￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ 15
$(￿ %￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
9ROGHQ
HW￿DO￿￿￿￿￿￿
'LWKUDQRO￿￿'￿
￿￿￿LQ￿SHWURODWXP
3ODFHER￿￿3￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿
1R￿DGHTXDWH￿GDWD￿UHSRUWHG￿RU￿DYDLODEOH￿IURP￿DXWKRU
RU￿VSRQVRU
7:￿ '￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:$￿ '￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:)￿ '￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
$(￿ '￿￿￿￿￿￿￿￿3￿￿￿￿￿￿
:HLQVWHLQ
HW￿DO￿￿￿￿￿￿
:HLQVWHLQ
￿￿￿￿
7D]DURWHQH￿￿7￿￿
JHO￿￿￿￿￿￿
7D]DURWHQH￿￿7￿￿
JHO￿￿￿￿￿￿￿
3ODFHER￿￿3￿
$W￿￿￿￿ZHHNV￿
7RWDO￿6LJQ￿6FRUH￿
7￿￿￿￿￿￿￿￿￿1 ￿￿￿￿￿￿7￿￿￿￿￿￿￿￿￿1 ￿￿￿￿￿￿3 ￿￿￿￿
￿1 ￿￿￿￿
7:￿ 7￿￿￿￿￿￿￿￿￿￿￿7￿￿￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿
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$(￿ ￿/￿￿￿15￿
7￿￿6￿￿￿￿￿￿￿￿￿￿7￿￿6￿￿￿￿￿￿￿￿￿￿3￿6￿￿￿￿￿￿￿￿
:RUW]HO￿
￿￿￿￿
￿￿￿WULDOV￿
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿%￿
RLQWPHQW￿￿￿￿￿￿￿%'
3ODFHER￿￿%'￿￿3￿
$W￿￿￿ZHHNV
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿￿SW￿￿￿ ZRUVH￿￿￿ H[FHOOHQW￿
>￿@￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿6'￿
1 ￿￿￿
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>￿@￿DQG￿>￿@
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$(￿ 157DEOH￿'￿￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
$XVWDG￿HW￿DO￿
￿￿￿￿
&OREHWDVRO￿SURSLRQDWH
RLQWPHQW￿￿￿￿￿￿￿￿%'
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FDOFLSRWULRO￿￿￿￿￿J￿J￿%'
￿￿￿￿￿￿
&DOFLSRWULRO￿￿￿￿J￿J￿%'
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$GXOWV￿￿V\PPHWULFDO￿SODTXH
SVRULDVLV￿￿WRWDO￿VHYHULW\
VFRUH￿ï￿￿
:LGHVSUHDG￿SVRULDVLV￿
K\SHUFDOFHPLD￿￿OLYHU￿RU￿UHQDO
GLVHDVH￿￿ULVN￿RI￿SUHJQDQF\￿
SUHJQDQF\￿￿UHOHYDQW￿FRQFRPLWDQW
PHGLFDWLRQ￿RU￿FRQGLWLRQV￿￿SUHYLRXV
DGYHUVH￿UHVSRQVH
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿
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7RWDO￿VHYHULW\￿VFRUH
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,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
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DO￿￿￿￿￿￿
7DFDOFLWRO￿￿￿
FRQFHQWUDWLRQV￿￿￿￿￿￿￿
￿￿￿￿J￿J￿￿2'
+\GURFRUWLVRQH
EXW\UDWH￿￿￿￿￿￿2'
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿￿￿￿￿￿2'
&DOFLSRWULRO￿￿￿￿￿J￿J￿2'
$GXOWV￿￿VWDEOH￿SVRULDVLV
YXOJDULV￿￿VLJQ￿VFRUH￿ï￿￿￿RQ
￿￿SW￿VFDOH￿
$FXWH￿JXWWDWH￿SVRULDVLV￿￿SUHJQDQF\￿
ODFWDWLRQ￿￿UHFHQW￿V\VWHPLF￿WUHDWPHQW￿
SRRU￿UHVSRQVH￿WR￿VWHURLGV
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
1XUVH￿GHOLYHU\
1￿ ￿￿
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￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿2'
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿%'
$GXOW￿￿V\PPHWULFDO￿PLOG￿WR￿
PRGHUDWH￿SVRULDVLV YXOJDULV
5HFHQW￿WRSLFDO￿RU￿V\VWHPLF
DQWLSVRULDWLF￿WKHUDS\￿￿UDSLGO\
ZRUVHQLQJ￿SVRULDVLV￿￿FRQFXUUHQW
YLWDPLQ￿'￿￿UHQDO￿RU￿KHSDWLF￿GLVHDVH￿
SUHJQDQF\￿￿ODFWDWLRQ
2SHQ
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
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%HUWK￿-RQHV￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿%'
'LWKUDQRO￿FUHDP￿￿￿GRVH
WLWUDWLRQ￿￿￿￿￿± ￿￿￿￿2'
2XWSDWLHQWV￿￿DGXOWV￿￿FKURQLF
VWDEOH￿SODTXH￿SVRULDVLV
3UHYLRXV￿QRQ￿UHVSRQVH￿WR￿VWXG\
PHGLFDWLRQV￿￿UHFHQW￿V\VWHPLF
WUHDWPHQW￿￿K\SHUFDOFDHPLD￿
DEQRUPDO￿UHQDO￿KHSDWLF￿IXQFWLRQ￿
FDOFLXP￿RU￿YLWDPLQ￿'￿LQWDNH￿￿UHOHYDQW
FRQFRPLWDQW￿PHGLFDWLRQ￿￿SUHJQDQF\￿
ULVN￿RI￿SUHJQDQF\
2SHQ
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ 3$6,￿￿￿￿￿￿￿￿￿￿￿￿￿
5HVSRQVH￿￿￿￿￿￿￿￿￿￿￿
%&￿ <HV
3$6,
,QYHVWLJDWRU￿DQG￿SDWLHQW￿JOREDO
DVVHVVPHQWV
&RVPHWLF￿DFFHSWDELOLW\
￿ (QUROPHQW￿GHILQLWLRQV
1￿￿1XPEHU￿RI￿SDWLHQWV￿UDQGRPLVHG
7'￿￿7UHDWPHQW￿GXUDWLRQ￿DQG￿OHQJWK￿RI￿IROORZ￿XS￿￿)8￿￿LI￿WKH￿VWXG\￿FRQWLQXHG￿EH\RQG￿FHVVDWLRQ￿RI￿WUHDWPHQW￿￿)8￿LQFOXGHV￿WKH￿WUHDWPHQW￿SHULRG
/)￿￿/RVV￿WR￿IROORZ￿XS￿￿GHILQHG￿DV￿SDWLHQWV￿UDQGRPLVHG￿￿QRW￿FRQWULEXWLQJ￿WR￿SULPDU\￿RXWFRPH￿PHDVXUH
%&￿￿%DVHOLQH￿FRPSDUDELOLW\7DEOH￿'￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
%RXUNH￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿￿%'
&DOFLSRWULRO￿￿%'￿SOXV
SRO\WKHQH￿ILOP￿DW￿QLJKW
$GXOW￿￿V\PPHWULFDO￿FKURQLF
SODTXH￿SVRULDVLV￿
RXWSDWLHQWV
89￿RU￿V\VWHPLF￿DQWLSVRULDWLF
WKHUDS\￿
6LQJOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿￿HYDOXDEOH￿
7'￿ ￿￿ZNV
/)￿ QRW￿UHSRUWHG
%&￿ <HV
6LJQV￿
>HU\WKHPD￿￿LQGXUDWLRQ￿￿VFDOH@
7RWDO￿VLJQ￿VFRUH
%RXUNH￿HW￿DO￿
￿￿￿￿￿DQG￿￿￿￿￿
&DOFLWULRO￿￿￿￿PFJ￿J￿￿%'
&DOFLSRWULRO￿￿￿￿PFJ￿J￿
%'
$GXOWV￿￿V\PPHWULFDO￿FKURQLF
PRGHUDWH￿SODTXH￿SVRULDVLV
YXOJDULV
3UHJQDQF\￿￿ODFWDWLRQ￿￿GUXJV￿DIIHFWLQJ
V\VWHPLF￿FDOFLXP￿KRPHRVWDVLV￿
UHFHQW￿V\VWHPLF￿DQWL￿SVRULDWLF￿RU
89%￿WKHUDS\
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿
%&￿ <HV
3$6,
%UXFH￿HW￿DO￿
￿￿￿￿
￿￿6LVNLQ￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW
￿&￿
￿￿￿￿￿￿￿￿%'
)OXRFLQRQLGH￿RLQWPHQW
￿)￿
￿￿￿￿￿￿￿%'
6WDEOH￿SODTXH￿SVRULDVLV￿
DGXOWV￿￿DW￿OHDVW￿PLOG￿RYHUDOO
VHYHULW\￿￿DW￿OHDVW￿PRGHUDWHO\
VHYHUH￿SODTXH￿HOHYDWLRQ￿
3UHJQDQF\￿￿ODFWDWLRQ￿￿LQDGHTXDWH
FRQWUDFHSWLRQ￿￿VHQVLWLYLW\￿WR￿WHVW
PHGLFDWLRQV￿￿UHFHQW￿WRSLFDO￿￿89￿RU
V\VWHPLF￿WUHDWPHQW￿￿UHFHQW
LQYROYHPHQW￿LQ￿RWKHU￿WULDOV￿￿SODQQHG
VXQ￿H[SRVXUH
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿￿
%&￿ <HV
6LJQV
>VFDOLQJ￿￿H\WKHPD￿￿SODTXH￿HOHYDWLRQ@
2YHUDOO￿VHYHULW\
￿WRWDO￿VLJQ￿VFRUH￿DQG￿￿￿LQYROYHPHQW￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
&URVWL￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿￿VDOLF\OLF
DFLG￿￿%'
0LOG￿￿VWDEOH￿SVRULDVLV
YXOJDULV￿￿DGXOW￿
5HFHQW￿WRSLFDO￿RU￿V\VWHPLF
WUHDWPHQWV￿￿SUHJQDQF\￿￿ODFWDWLRQ￿
FRQFRPLWDQW￿YLWDPLQ￿'￿RU￿V\VWHPLF
VWHURLGV￿￿KHSDWLF￿RU￿UHQDO￿IDLOXUH
%OLQGLQJ￿XQFOHDU
3DUDOOHO￿JURXS
'HOLYHU\￿XQFOHDU
1￿ ￿￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ <HV
3$6,
,QYHVWLJDWRU￿DQG￿SDWLHQW￿JOREDO
DVVHVVPHQWV
&XQOLIIH￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH￿￿￿￿
YDOHUDWH￿￿￿PJ￿J￿￿%'
6WDEOH￿SODTXH￿SVRULDVLV￿
DGXOW￿￿RXWSDWLHQWV
5LVN￿RI￿SUHJQDQF\￿￿SUHJQDQF\￿
ODFWDWLRQ￿￿UHFHQW￿V\VWHPLF
DQWLSVRULDWLF￿WUHDWPHQW￿
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
'HOLYHU\￿XQFOHDU
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿
%&￿ <HV
3$6,
3DWLHQW￿RYHUDOO￿DVVHVVPHQW
'H￿6LPRQH￿HW
DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿PFJ￿J￿￿%'
&RDO￿WDU￿￿7￿
￿￿￿LQ￿/DVVDU￿V￿SDVWH
3VRULDVLV￿YXOJDULV￿￿3$6,
VFRUH￿￿￿￿￿￿￿￿￿
3UHJQDQF\￿￿ODFWDWLRQ￿￿KHSDWLF￿RU
UHQDO￿GLVHDVH￿￿UHFHQW￿V\VWHPLF￿RU
WRSLFDO￿WKHUDS\￿￿KLJK￿LQWDNH￿RI
YLWDPLQ￿'￿RU￿FDOFLXP
%OLQGLQJ￿XQFOHDU
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ 1RW￿UHSRUWHG
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
￿HVWLPDWHG￿IURP￿3$6,￿VFRUH￿7DEOH￿'￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
)DUNDV￿HW￿DO￿
￿￿￿￿￿DQG
)DUNDV￿￿￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿￿￿
PFJ￿J￿￿2'
'LWKUDQRO￿VWLFN￿￿￿￿￿￿￿RU
￿￿￿￿2'
&KURQLF￿VWDEOH￿SODTXH
SVRULDVLV￿￿DGXOWV￿￿&DXFDVLDQ
SDWLHQWV￿î￿￿￿￿￿%6$￿
P3$6,!￿￿￿￿LQ￿￿DQG
RXWSDWLHQWV
5HFHQW￿WRSLFDO￿￿V\VWHPLF￿RU￿89
WKHUDSLHV￿￿VHQVLWLYLW\￿WR￿VWXG\
PHGLFDWLRQV￿￿FRQFXUUHQW￿PHGLFDWLRQ￿
DEQRUPDO￿KHSDWLF￿RU￿UHQDO￿IXQFWLRQ￿
ULVN￿RI￿SUHJQDQF\￿￿SUHJQDQF\￿
ODFWDWLRQ￿￿VHULRXV￿FR￿PRUELGLW\
2SHQ
3DUDOOHO￿JURXS
'HOLYHU\￿XQFOHDU
1￿ ￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ <HV
3$6,
7RWDO￿VLJQ￿VFRUH
>HU\WKHPD￿￿LQILOWUDWLRQ￿DQG
GHVTXDPDWLRQ@
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
*UDWWDQ
HW￿DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿￿￿￿￿%'
'LWKUDQRO￿LQ￿DTXHRXV
JHO￿￿￿GRVH￿WLWUDWLRQ￿￿￿￿￿
￿￿￿￿￿￿￿%'
%LODWHUDO￿VWDEOH￿FKURQLF
SODTXH￿SVRULDVLV￿￿DGXOW￿
KRVSLWDOLVHG￿IRU￿URXWLQH
GLWKUDQRO￿WUHDWPHQW￿
,QWROHUDQFH￿RI￿GLWKUDQRO￿￿XQVWDEOH￿RU
SXVWXODU￿SVRULDVLV￿￿FDOFLXP
PHWDEROLVP￿GLVRUGHUV￿￿V\VWHPLF
SVRULDVLV￿WUHDWPHQW￿￿UHFHQW￿89%￿RU
389$￿WKHUDS\￿￿SUHJQDQF\￿RU
ODFWDWLRQ￿
2SHQ
:LWKLQ￿SDWLHQW
'HOLYHU\￿XQFOHDU
1￿ ￿￿
7'￿ ￿￿ZHHNV￿ )8￿￿￿￿￿ZHHNV
/)￿ QRW￿UHSRUWHG
%&￿ <HV
6HYHULW\￿
>HU\WKHPD￿￿VFDOLQJ￿￿SDOSDELOLW\@
7RWDO￿VHYHULW\￿VFRUH
3DWLHQW￿DVVHVVPHQW￿RI￿LUULWDWLRQ
,QYHVWLJDWRU￿DVVHVVPHQW￿RI￿VNLQ
VWDLQLQJ
.LP￿HW￿DO￿￿￿￿￿￿ &DOFLSRWULRO￿RLQWPHQW
￿￿PFJ￿J￿￿%'
'HVR[\PHWDVRQH
RLQWPHQW￿￿￿￿PJ￿J￿￿%'
3VRULDVLV 1RW￿LGHQWLILDEOH 'RXEOH￿EOLQG
%HWZHHQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ <HV
3$6,
.ODEHU￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿VROXWLRQ
￿￿PFJ￿PO￿￿%'
%HWDPHWKDVRQH￿￿￿￿
YDOHUDWH￿VROXWLRQ
￿PJ￿PO￿%'
$GXOWV￿￿VWDEOH￿￿PLOG￿WR￿
PRGHUDWH￿VFDOS￿SVRULDVLV￿
KLVWRU\￿RI￿SVRULDVLV￿RQ￿ERG\
0RUH￿H[WHQVLYH￿￿VHYHUH￿RU￿LQIHFWHG
SVRULDVLV￿￿UHFHQW￿V\VWHPLF
DQWLSVRULDWLF￿WUHDWPHQW￿RU￿89￿
FRQFXUUHQW￿YLWDPLQ￿'￿￿FDOFLXP￿RU
RWKHU￿UHOHYDQW￿PHGLFDWLRQ￿
VLJQLILFDQW￿KHSDWLF￿RU￿UHQDO￿GLVHDVH￿
K\SHUFDOFDHPLD￿￿ULVN￿RI￿SUHJQDQF\￿
SUHJQDQF\￿￿ODFWDWLRQ
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ $VVHVVPHQW￿￿￿￿￿￿￿￿￿￿
766￿￿￿￿￿￿￿￿￿￿￿
%&￿ <HV
,QYHVWLJDWRU￿DQG￿SDWLHQW￿RYHUDOO
DVVHVVPHQWV
7RWDO￿VLJQ￿VFRUH
>HU\WKHPD￿￿WKLFNQHVV￿￿VFDOLQHVV@
$VVHVVPHQW￿RI￿H[WHQW￿RI￿VFDOS
SVRULDVLV￿
$VVHVVPHQW￿RI￿DFFHSWLELOLW\
.UDJEDOOH￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH
YDOHUDWH￿RLQWPHQW￿
￿￿￿￿￿￿%'
$GXOW￿￿V\PPHWULFDO￿SVRULDVLV
YXOJDULV
8QVWDEOH￿SVRULDVLV￿￿UHFHQW￿V\VWHPLF
RU￿89￿WKHUDS\￿￿K\SHUFDOFDHPLD￿
LPSDLUHG￿UHQDO￿￿KHSDWLF￿IXQFWLRQ￿
KLJK￿GRVH￿FDOFLXP￿￿9LWDPLQ￿'￿LQWDNH￿
XQUHVSRQVLYH￿WR￿FRUWLFRVWHURLGV￿
FRQFRPLWDQW￿PHGLFDWLRQ
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿
%&￿ <HV
3$6,
7RWDO￿VLJQ￿VFRUH
>HU\WKHPD￿￿WKLFNQHVV￿￿VFDOLQHVV@
3DWLHQW￿DVVHVVPHQW￿RI￿UHVSRQVH7DEOH￿'￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
.UDJEDOOH￿HW￿DO￿
￿￿￿￿￿￿*ODGH￿HW
DO￿￿￿￿￿￿
&DOFLSRWULRO￿FUHDP￿￿￿￿
PFJ￿J￿%'
&DOFLSRWULRO￿FUHDP￿￿￿￿
PFJ￿J￿20￿SOXV
FOREHWDVRQH￿￿￿
EXW\UDWH￿FUHDP￿
￿￿￿PJ￿J￿21
&DOFLSRWULRO￿FUHDP￿￿￿￿
PFJ￿J￿20￿SOXV
EHWDPHWKDVRQH￿￿￿￿
YDOHUDWH￿FUHDP￿￿￿PJ￿J
21
&DOFLSRWULRO￿FUHDP￿￿￿￿
PFJ￿J￿20￿SOXV￿YHKLFOH
21
$GXOW￿￿VWDEOH￿SVRULDVLV
YXOJDULV￿RQ￿WUXQN￿DQG￿OLPEV
3UHJQDQF\￿￿ULVN￿RI￿SUHJQDQF\￿
ODFWDWLRQ￿￿UHFHQW￿V\VWHPLF￿RU￿89
WKHUDS\￿￿FRQFRPLWDQW￿PHGLFDWLRQ￿
K\SHUFDOFDHPLD￿￿RU￿UHQDO￿GLVHDVH￿
SODQQHG￿H[SRVXUH￿WR￿VXQ
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV
LQDGHTXDWHO\￿ UHSRUWHG
3$6,
,QYHVWLJDWRU￿DQG￿SDWLHQW￿RYHUDOO
DVVHVVPHQWV￿RI￿UHVSRQVH
/DQGL￿￿￿￿￿￿￿
/DQGL￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿%'
&OREHWDVRO￿SURSLRQDWH
￿￿￿￿￿￿RLQWPHQW￿￿%'
$GXOW￿￿PLOG￿DQG￿PRGHUDWH
SVRULDVLV
1RQH￿UHSRUWHG %OLQGLQJ￿QRW
UHSRUWHG
3DUDOOHO￿JURXS
'HOLYHU\￿XQFOHDU
1￿ ￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV￿QRW￿UHSRUWHG
3$6,
1RWH￿/DQGL￿￿￿￿￿￿￿UHSRUWV￿WKH
ILQGLQJV￿RI￿D￿VLQJOH￿FHQWUH￿￿RQH￿RI
WKUHH￿FHQWUHV￿UHSRUWHG￿LQ￿/DQGL￿HW￿DO￿
￿￿￿￿￿￿￿￿￿￿SDWLHQWV￿
/LVWHU￿HW￿DO￿
￿￿￿￿
'LWKUDQRO￿FUHDP￿￿￿￿￿￿
2'
&DOFLSRWULRO￿￿%'
3VRULDVLV 1RW￿VWDWHG 6LQJOH
￿LQYHVWLJDWRU￿
EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ QRW￿UHSRUWHG
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV
LQDGHTXDWHO\￿UHSRUWHG
7RWDO￿VLJQ￿VFRUH
>HU\WKHPD￿￿VFDOLQJ￿￿LQGXUDWLRQ@
,QYHVWLJDWRU￿DQG￿SDWLHQW￿JOREDO
DVVHVVPHQWV
0HGDQVN\￿HW￿DO￿
￿￿￿￿
'LIORUDVRQH￿GLDFHWDWH
RLQWPHQW￿￿￿￿￿￿￿￿￿%'
&DOFLSRWULHQH￿RLQWPHQW
￿￿￿￿￿￿￿￿%'
0LOG￿WR￿PRGHUDWH
V\PPHWULFDO￿SVRULDVLV
YXOJDULV￿￿DGXOW￿￿￿766￿ï￿￿
5HFHQW￿WRSLFDO￿RU￿V\VWHPLF
DQWLSVRULDWLF￿WKHUDS\￿￿UHFHQW￿OLWKLXP￿
16$,'V￿RU￿EHWD￿EORFNHUV
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ ,QDGHTXDWHO\￿UHSRUWHG
6LJQV￿
>HU\WKHPD￿￿VFDOLQJ￿￿LQGXUDWLRQ@
7RWDO￿VLJQ￿VFRUH
3K\VLFLDQ￿RYHUDOO￿HYDOXDWLRQ
3K\VLFLDQ￿FRPSDUDWLYH￿HYDOXDWLRQ
3DWLHQW￿FRPSDUDWLYH￿HYDOXDWLRQ7DEOH￿'￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
0ROLQ￿HW￿DO￿￿￿￿￿￿
DQG￿￿￿￿￿
&DOFLSRWULRO￿FUHDP￿￿￿
PFJ￿J￿￿%'
%HWDPHWKDVRQH￿￿￿￿
YDOHUDWH￿FUHDP￿￿￿PJ￿J￿
%'
$GXOW￿RXWSDWLHQWV￿￿PLOG￿WR￿
PRGHUDWH￿VWDEOH￿DQG
FKURQLF￿SODTXH￿SVRULDVLV￿RI
OLPEV￿DQG￿WUXQN
1RQH￿UHSRUWHG 'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV￿QRW￿UHSRUWHG
3$6,
6HYHULW\￿VFRUHV
,QYHVWLJDWRU￿DQG￿SDWLHQW￿JOREDO
DVVHVVPHQWV￿RI￿UHVSRQVH
2UWRQQH￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
%'
&DOFLSRWULRO￿RLQWPHQW
20￿￿SOXV
%HWDPHWKDVRQH
GLSURSLRQDWH￿RLQWPHQW
21
3VRULDVLV￿YXOJDULV￿￿VWDEOH￿RU
ZRUVHQLQJ￿￿%6$￿￿￿￿￿￿￿￿
3$6,￿￿￿￿￿
3UHJQDQF\￿￿ODFWDWLRQ￿￿FRQFXUUHQW
GLVHDVH￿￿FRQFRPLWDQW￿WKHUDS\￿
K\SHUVHQVLWLYLW\￿WR￿9LWDPLQ￿'￿RU
DQDORJXHV￿￿SODQQHG￿H[SRVXUH￿WR￿VXQ
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿￿
%&￿ <HV
3$6,￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
3LQKHLUR￿￿￿￿￿￿ &DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿%'
&RDO￿WDU￿￿￿￿DOODQWRLQ
￿￿￿K\GURFRUWLVRQH
FUHDP￿￿￿￿￿￿￿%'
&KURQLF￿SODTXH￿SVRULDVLV￿
$GXOW￿%6$￿￿ï￿￿￿￿FP￿
+\SHUVHQVLWLYLW\￿WR￿WULDO￿PHGLFDWLRQV￿
FRQFRPLWDQW￿WUHDWPHQW￿ZLWK￿9LWDPLQ
'￿FDOFLXP￿RWKHU￿UHOHYDQW￿DJHQW￿
SUHJQDQF\￿￿ULVN￿RI￿SUHJQDQF\￿
ODFWDWLRQ￿￿XQDEOH￿WR￿FRPSO\￿ZLWK
SURWRFRO
2SHQ
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿
%&￿ <HV
6LJQV￿
>UHGQHVV￿￿WKLFNQHVV￿￿VFDOLQHVV@
7RWDO￿VLJQ￿VFRUH
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
$UHD￿RI￿DIIHFWHG￿VNLQ￿￿DUHD￿VFDOHV￿
3DWLHQW￿V￿HYDOXDWLRQ￿RI￿RYHUDOO
UHVSRQVH￿￿9$6￿
5X]LFND￿HW￿DO
￿￿￿￿￿DQG￿￿￿￿￿
&DOFLSRWULRO￿￿￿￿￿￿￿
RLQWPHQW￿%'￿￿￿￿ZHHNV
￿&￿
&DOFLSRWULRO￿￿￿￿￿￿￿
RLQWPHQW￿%'￿￿￿￿ZHHNV￿
WKHQ￿&DOFLSRWULRO
RLQWPHQW￿￿￿￿￿￿￿￿20
SOXV￿%HWDPHWKDVRQH
YDOHUDWH￿RLQWPHQW￿21￿
￿￿ZHHNV￿￿&%￿
$GXOWV￿￿FKURQLF￿SODTXH￿W\SH
SVRULDVLV￿￿%6$￿￿î￿￿￿￿￿
FDOFLXP￿OHYHOV￿￿UHQDO￿DQG
OLYHU￿IXQFWLRQ￿ZLWKLQ￿QRUPDO
UDQJH
3UHJQDQF\￿￿ODFWDWLRQ￿￿UHFHQW
V\VWHPLF￿RU￿89￿WKHUDS\
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV￿QRW￿UHSRUWHG
3$6,
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
3DWLHQW￿HYDOXDWLRQ￿RI￿RYHUDOO
UHVSRQVH7DEOH￿'￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
6FDUSD￿HW￿DO￿
￿￿￿￿￿DQG
6FDUSD￿￿￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿￿￿
PFJ￿J￿￿2'
%HWDPHWKDVRQH￿￿￿￿
YDOHUDWH￿RLQWPHQW
￿￿￿￿￿￿2'
3VRULDVLV￿YXOJDULV &RQFRPLWDQW￿PHGLFDWLRQV￿￿H[FHSW
HPROOLHQWV￿￿WDU￿VKDPSRR￿DQG
VDOLF\OLF￿DFLG￿￿￿￿WRSLFDO￿RU￿V\VWHPLF
VWHURLGV￿￿FDOFLXP￿RU￿YLWDPLQ￿'
LQWDNH￿￿DQWLSVRULDWLF￿PHGLFDWLRQV
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
'HOLYHU\￿XQFOHDU
1￿ ￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿￿
%&￿ <HV
6HYHULW\
>HU\WKHPD￿￿WKLFNQHVV￿￿VFDOLQJ@
7RWDO￿VHYHULW\￿VFRUH
&RPSDULVRQ￿RI￿OHVLRQV￿￿EDVHG￿RQ
GLIIHUHQFH￿LQ￿766
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
6FDUSD￿￿￿￿￿￿ &DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PJ￿J￿￿%'
%HWDPHWKDVRQH
GLSURSLRQDWH￿RLQWPHQW￿
￿￿￿￿￿￿￿￿VDOLF\OLF￿DFLG￿
￿￿￿￿%'
3ODTXH￿W\SH￿SVRULDVLV 1RW￿UHSRUWHG %OLQGLQJ￿XQFOHDU
3DUDOOHO￿JURXS
'HOLYHU\￿XQFOHDU
1￿ ￿￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿￿ZNV
/)￿ QRW￿UHSRUWHG
%&￿ 'HPRJUDSKLFV
FRPSDUDEOH￿￿SVRULDVLV￿QRW
UHSRUWHG
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
3DWLHQW￿V￿RYHUDOO￿DFFHSWDQFH
6HLGHQDUL
HW￿DO￿￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿￿
￿J￿J￿2'
%HWDPHWKDVRQH
YDOHUDWH￿RLQWPHQW
￿￿￿￿￿￿2'
6\PPHWULFDO￿￿VWDEOH
SVRULDWLF￿SODTXHV￿￿DGXOW￿￿LQ￿
RU￿RXWSDWLHQWV￿
5HFHQW￿WRSLFDO￿￿89￿RU￿V\VWHPLF
WKHUDS\￿￿ ,QDGHTXDWH￿FRQWUDFHSWLRQ￿
'RXEOH￿EOLQG
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV￿￿)8￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿￿￿￿
%&￿ <HV
6LJQV
>HU\WKHPD￿￿WKLFNHQLQJ￿￿VFDOLQJ@
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
7KDP￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW
￿￿￿PFJ￿J￿￿%'
:KLWH￿VRIW￿SDUDIILQ￿￿20
SOXV￿FRDO￿WDU￿VROXWLRQ
%3￿LQ￿DTXHRXV￿FUHDP
￿￿￿￿21
6WDEOH￿V\PPHWULFDO￿FKURQLF
SODTXH￿W\SH￿SVRULDVLV￿￿DGXOW
5HFHQW￿V\VWHPLF￿RU￿89￿WKHUDS\￿
K\SHUFDOFDHPLD￿￿KLJK￿FDOFLXP￿RU
YLWDPLQ￿'￿LQWDNH￿￿LPSDLUHG￿UHQDO￿RU
KHSDWLF￿IXQFWLRQ￿￿SUHYLRXV￿SRRU
UHVSRQVH￿WR￿WDU￿￿FRQFRPLWDQW
PHGLFDWLRQ
6LQJOH￿EOLQG
￿LQYHVWLJDWRU￿
:LWKLQ￿SDWLHQW
3DWLHQW￿GHOLYHU\
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿￿￿
%&￿ <HV
3$6,
6HYHULW\￿
>HU\WKHPD￿￿LQILOWUDWLRQ￿
GHVTXDPDWLRQ@
,QYHVWLJDWRU￿DQG￿SDWLHQW￿JOREDO
DVVHVVPHQWV
7RVWL￿HW￿DO￿￿￿￿￿￿ &DOFLSRWULRO￿RLQWPHQW
￿￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿￿￿￿PJ￿J
￿￿VDOLF\OLF￿DFLG￿
￿￿￿￿J￿J￿￿RLQWPHQW￿￿%'
1DLO￿EHG￿SVRULDVLV￿ZLWK
VHYHUH￿VXEXQJXDO
K\SHUNHUDWRVLV￿￿DGXOW
2QFK\P\FRVLV￿￿SUHJQDQF\￿
ODFWDWLRQ￿￿VHYHUH￿UHQDO￿RU￿KHSDWLF
LQVXIILFLHQF\￿￿K\SHUVHQVLWLYLW\￿WR
VWXG\￿PHGLFDWLRQ￿￿FRQFRPLWDQW
YLWDPLQ￿'￿￿RU￿DQWLSVRULDWLF￿WKHUDS\￿
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿>￿￿￿SWV￿ZLWK￿￿￿￿
ILQJHUQDLOV￿
￿￿￿SWV￿ZLWK￿￿￿￿￿WRHQDLOV@
7'￿ ￿￿PWKV￿￿)8￿￿￿￿PWKV
/)￿ ￿￿￿￿￿￿￿￿
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV
LQDGHTXDWHO\￿ UHSRUWHG
1DLO￿WKLFNQHVV￿￿QDLO￿SODWH￿￿
K\SHUNHUDWRWLF￿QDLO￿EHG￿￿PP￿
1DLO￿WKLFNQHVV￿￿￿￿UHGXFWLRQ￿IURP
EDVHOLQH
3DWLHQW￿V￿DVVHVVPHQW￿RI
DFFHSWDELOLW\￿￿￿￿SW￿￿￿ QLO￿
￿ H[FHOOHQW￿7DEOH￿'￿￿'HVFULSWLRQ￿RI￿KHDG￿WR￿KHDG￿WULDOV￿LQYROYLQJ￿YLWDPLQ￿'￿GHULYDWLYH￿SUHSDUDWLRQV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV ,QFOXVLRQ￿&ULWHULD ([FOXVLRQ￿&ULWHULD 'HVLJQ (QUROPHQW￿ 5HSRUWHG￿2XWFRPH￿PHDVXUHV
9DQ￿GHU
9HUOHXWHQ￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿%'
'LWKUDQRO￿LQ￿SDVWH￿RU
SHWUROHXP￿￿￿￿￿￿￿￿￿￿￿
￿￿￿KRXU￿DSSOLFDWLRQ￿RQ
DOWHUQDWH￿GD\V
$GXOW￿￿LQSDWLHQW￿￿VHYHUH￿
GLVDEOLQJ￿SVRULDVLV￿￿UHVLVWDQW
WR￿WRSLFDO￿WKHUDS\
5HFHQW￿RU￿FRQFRPLWDQW￿RUDO
DQWLSVRULDWLF￿WKHUDS\￿￿QR￿WRSLFDO￿RU
V\VWHPLF￿WUHDWPHQWV￿H[FHSW
FRUWLFRVWHURLGV￿IRU￿WKH￿￿VFDOS￿DQG
IDFH
2SHQ
:LWKLQ￿SDWLHQW
'HOLYHU\￿XQFOHDU
1￿ ￿￿
7'￿ ￿￿ZNV
/)￿ ￿￿￿￿￿
%&￿ ,QDGHTXDWHO\￿UHSRUWHG
3$6,
9ODGLPLURY￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿FUHDP
￿￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH
￿￿￿YDOHUDWH￿RLQWPHQW
￿￿￿￿￿￿%'
$GXOW￿￿PLOG￿WR￿PRGHUDWH
SVRULDVLV
1RQH￿UHSRUWHG 'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿￿￿￿
7'￿￿￿￿ZNV
/)￿￿￿￿￿￿￿￿
%&￿￿,QDGHTXDWHO\￿UHSRUWHG
3$6,
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW
9HLHQ￿HW￿DO￿
￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿
￿PFJ￿J￿￿2'￿SOXV
7DFDOFLWRO￿YHKLFOH￿2'
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿%'
$GXOW￿￿VWDEOH￿SODTXH
SVRULDVLV￿￿766!￿￿￿HU\WKHPD
ï￿￿￿￿VFDOLQJ￿ï￿￿
3UHJQDQF\￿￿ODFWDWLRQ￿￿KLJK￿VHUXP
FDOFLXP￿￿VHUXP￿SKRVSKDWH￿￿VHUXP
FUHDWLQLQH￿￿XQUHVSRQVLYH￿WR
FDOFLSRWULRO￿￿LQWROHUDQW￿WR￿VWXG\
LQJUHGLHQWV￿￿VHULRXV￿PRUELGLW\
'RXEOH￿EOLQG
3DUDOOHO￿JURXS
3DWLHQW￿GHOLYHU\
1￿ ￿￿￿
7'￿ ￿￿ZNV￿)8￿￿￿￿￿ZNV
/)￿ ￿￿￿￿￿￿
%&￿ 3VRULDVLV￿FRPSDUDEOH￿
GHPRJUDSKLFV
LQDGHTXDWHO\￿UHSRUWHG
6HYHULW\￿
>HU\WKHPD￿￿LQILOWUDWLRQ￿￿VFDOLQJ￿
SUXULWXV@
7RWDO￿VLJQ￿VFRUH￿￿766￿￿￿￿￿￿￿￿￿
,QYHVWLJDWRU￿DQG￿SDWLHQW￿JOREDO
DVVHVVPHQWV
3DWLHQW￿V￿HYDOXDWLRQ￿RI￿JOREDO
XVHIXOQHVV￿￿9$6￿
3DWLHQW￿V￿HYDOXDWLRQ￿RI￿FRVPHWLF
DFFHSWDELOLW\
:DOO￿HW￿DO￿￿￿￿￿￿
DQG￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿
￿￿￿PFJ￿J￿￿%'
'LWKUDQRO￿￿￿￿￿￿￿￿￿￿2'
$GXOW￿￿VWDEOH￿PLOG￿WR￿
PRGHUDWH￿FKURQLF￿SODTXH
SVRULDVLV￿￿%6$￿t￿￿￿FP￿ EXW
￿￿￿￿￿￿5HFHQW￿*3￿DWWHQGHU
$FXWH￿JXWWDWH￿RU￿SXVWXODU￿SVRULDVLV￿
SVRULDVLV￿RI￿VFDOS￿RU￿IDFH￿RQO\￿
UHFHQW￿WRSLFDO￿RU￿V\VWHPLF
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RLQWPHQW￿￿￿￿￿PFJ￿J￿%'￿>￿@
3DWLHQWV￿ZHUH￿UDQGRPLVHG￿WR￿WKH￿WZR￿VXEVWXGLHV￿EXW￿ZLWKLQ
WKH￿VXEVWXGLHV￿WUHDWPHQWV￿ZHUH￿DSSOLHG￿ZLWKRXW
UDQGRPLVDWLRQ
/HEZRKO￿HW￿DO￿
￿￿￿￿
+DOREHWDVRO￿RLQWPHQW￿%'￿ZHHNHQGV￿￿&DOFLSRWULHQH
RLQWPHQW￿%'￿ZHHNGD\V￿25
+DOREHWDVRO￿RLQWPHQW￿%'￿ZHHNHQGV￿￿SODFHER￿RLQWPHQW
%'￿ZHHNGD\V
7KH￿VWXG\￿GRHVQ￿W￿SURYLGH￿D￿VLPSOH￿FRPSDULVRQ￿DJDLQVW￿D
YLWDPLQ￿'￿￿GHULYDWLYH￿WUHDWPHQW
0H\UDW￿￿￿￿￿￿ &DOFLSRWULRO￿RLQWPHQW￿￿%'
&DOFLSWRULRO￿FUHDP￿20￿￿FDOFLSRWULRO￿RLQWPHQW￿21
7KH￿VWXG\￿GRHV￿QRW￿SURYLGH￿D￿FRPSDULVRQ￿RI￿LQWHUHVW
6DQGHU￿HW￿DO￿
￿￿￿￿
'LWKUDQRO￿RLQWPHQW￿￿WLWUDWHG￿￿%'
&DOFLSRWULRO￿RLQWPHQW￿￿￿￿￿￿￿￿￿20￿￿'LWKUDQRO￿RLQWPHQW
WLWUDWHG￿21
0RPHWDVRQH￿IXURDWH￿RLQWPHQW￿￿￿￿￿￿￿20￿￿'LWKUDQRO
RLQWPHQW￿WLWUDWHG￿21
7KH￿VWXG\￿GRHVQ￿W￿SURYLGH￿D￿VLPSOH￿FRPSDULVRQ￿DJDLQVW￿D
YLWDPLQ￿'￿￿GHULYDWLYH￿WUHDWPHQW7DEOH￿￿)￿￿6XPPDU\￿ILQGLQJV￿IURP￿KHDG￿WR￿KHDG￿WULDOV
7ULDO &RPSDULVRQV 5HSRUWHG￿2XWFRPH￿PHDVXUHV :LWKGUDZDO￿DQG￿$GYHUVH￿(YHQWV￿
$XVWDG￿HW￿DO￿
￿￿￿￿
&OREHWDVRO￿SURSLRQDWH
￿￿￿￿￿￿RLQWPHQW￿%'￿￿￿￿￿￿￿￿
IROORZHG￿E\￿FDOFLSRWULRO
￿￿￿J￿J￿%'￿￿￿￿￿￿￿￿￿&3￿
&DOFLSRWULRO￿￿&￿
￿￿￿J￿J￿%'￿￿￿￿￿￿￿
$W￿￿￿ZHHNV￿
7RWDO￿VHYHULW\￿VFRUH￿￿￿￿￿￿
&3￿￿￿￿￿￿￿￿￿￿6'￿￿￿&￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿ SRRU￿WR￿￿ FOHDUHG￿
&3￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿&￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ &3￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
:$￿ &3￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
:)￿ &3￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
$(￿ &3￿/￿￿￿￿￿￿￿￿￿&￿/￿￿￿￿￿￿￿
%DDGVJDDUG
HW￿DO￿￿￿￿￿￿
7DFDOFLWRO￿￿7￿
￿￿￿J￿J￿2'
+\GURFRUWLVRQH￿EXW\UDWH
￿+%￿
￿￿￿￿￿2'
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿%'￿
￿￿￿￿￿￿2'
&DOFLSRWULRO￿￿&￿
￿￿￿￿J￿J￿2'
1R￿DGHTXDWH￿GDWD￿DYDLODEOH 7:￿ 15
:$￿ 15
:)￿ 15
$(￿ 15
%DLRFFKL￿HW
DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿￿&￿￿
￿￿￿PFJ￿J￿￿2'
&DOFLSRWULRO￿RLQWPHQW￿￿￿&￿￿
￿￿￿PFJ￿J￿￿%'
$W￿￿￿ZHHNV￿
3$6,￿
&￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿￿￿&￿￿￿￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿￿￿&￿￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿￿&￿￿￿￿￿￿￿￿
$(￿ ￿/￿￿￿15￿
&￿￿6￿￿￿￿￿￿￿￿￿￿&￿￿6￿￿￿￿￿￿￿￿
%HUWK￿-RQHV￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿PFJ￿J￿%'
'LWKUDQRO￿FUHDP￿￿'￿
￿GRVH￿WLWUDWLRQ￿￿￿￿￿±￿￿￿￿￿2'
$W￿￿￿ZHHNV￿
3$6,￿￿'￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿SW￿￿￿￿ ZRUVH￿WR￿￿ FOHDU￿￿
'￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7:￿ 15
:$￿ &￿/￿￿￿￿￿￿￿￿￿￿'￿/￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿'￿6￿￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿'￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿'￿/￿￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿'￿6￿￿￿￿￿￿￿￿
%RXUNH￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿￿%'￿￿&￿
&DOFLSRWULRO￿￿%'￿￿2￿
3OXV￿SRO\WKHQH￿ILOP￿DW￿QLJKW￿
$W￿￿￿ZHHNV￿
7RWDO￿VHYHULW\￿VFRUH￿￿￿￿￿￿￿￿￿FKDQJH￿IURP￿EDVHOLQH
&￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿2￿￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ 15
:$￿ 15
:)￿ 15
$(￿ ￿/￿￿￿15￿￿&￿6￿￿￿￿￿￿￿￿￿&2￿6￿￿￿￿￿￿￿
%RXUNH￿HW￿DO￿
￿￿￿￿￿￿￿￿￿￿
&DOFLWULRO￿￿&/￿
￿￿PFJ￿J￿￿%'
&DOFLSRWULRO￿￿&￿
￿￿￿PFJ￿J￿￿%'
$W￿￿￿ZHHNV￿
3$6,￿￿&/￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿&￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿
7:￿ &/￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
:$￿ &/￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
:)￿ &/￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
$(￿ 15
%UXFH￿HW￿DO￿
￿￿￿￿￿￿6LVNLQ￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿￿￿￿￿￿%'
)OXRFLQRQLGH￿RLQWPHQW￿￿)￿
￿￿￿￿￿￿￿%'
$W￿￿￿ZHHNV￿
2YHUDOO￿VHYHULW\￿￿WRWDO￿VHYHULW\￿VFRUH￿>￿￿￿@￿￿DGMXVWHG￿IRU
VXUIDFH￿DUHD￿
&￿￿￿￿￿￿￿￿1 ￿￿￿￿￿)￿￿￿￿￿￿￿￿1 ￿￿￿
￿1XPEHUV￿LQ￿JURXSV￿DSSUR[LPDWHG￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿SW￿￿￿ ZRUVH￿WR￿￿ FOHDU￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
)￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
￿'DWD￿UHFHLYHG￿DIWHU￿DQDO\VLV￿DQG￿QRW￿LQFOXGHG￿
7:￿ 15
:$￿ &￿￿￿￿￿￿￿￿￿)￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿)￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿)￿/￿￿￿￿￿￿￿￿￿
￿6￿￿￿15
￿ :LWKGUDZDO￿DQG￿DGYHUVH￿HYHQW￿GHILQLWLRQV
7:￿￿7RWDO￿ZLWKGUDZDO
:$￿￿:LWKGUDZDO￿UHSRUWHG￿GXH￿WR￿DGYHUVH￿HYHQWV￿￿GHWHULRUDWLRQ￿RI￿V\PSWRPV￿￿WUHDWPHQW￿IDLOXUH￿RU￿LQDGHTXDWH￿WUHDWPHQW￿UHVSRQVH￿
:)￿:LWKGUDZDO￿GXH￿WR￿WUHDWPHQW￿IDLOXUH
$(￿￿1XPEHU￿RI￿SDWLHQWV￿ZLWK￿UHSRUWHG￿DGYHUVH￿HYHQWV￿￿￿/￿￿ORFDO￿DQG￿￿6￿￿V\VWHPLF￿VLGH￿HIIHFWV￿LI￿UHSRUWHG￿VHSDUDWHO\￿￿H[DFHUEDWLRQ￿RI￿V\PSWRPV￿
H[FOXGLQJ￿GLVFRORUDWLRQ￿RI￿VNLQ￿RU￿FORWKLQJ
15￿￿QRW￿UHSRUWHG￿￿LQGLFDWHV￿WKDW￿SDWLHQW￿GDWD￿IRU￿HDFK￿WUHDWPHQW￿JURXS￿ZDV￿LQFRPSOHWH￿RU￿XQUHSRUWHG7DEOH￿)￿￿6XPPDU\￿ILQGLQJV￿IURP￿KHDG￿WR￿KHDG￿WULDOV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV 5HSRUWHG￿2XWFRPH￿PHDVXUHV :LWKGUDZDO￿DQG￿$GYHUVH￿(YHQWV￿
&URVWL￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH
GLSURSLRQDWH￿￿￿VDOLF\OLF￿DFLG￿
￿%￿￿%'
$W￿￿￿ZHHNV￿
3$6,￿￿&￿￿￿￿￿￿￿1 ￿￿￿￿￿￿￿￿￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿￿￿ZRUVH￿￿￿￿KHDOLQJ￿￿￿1R￿DGHTXDWH￿GDWD￿DYDLODEOH
7:￿ &￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿%￿6￿￿￿￿￿￿￿
&XQOLIIH￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿￿&￿
￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH￿￿￿￿YDOHUDWH
￿%￿
￿￿PJ￿J￿￿%'
$W￿￿￿ZHHNV￿￿￿DGMXVWHG￿IRU￿EDVHOLQH￿
3$6,￿￿&￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6'￿
1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿
:$￿ &￿/￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿%￿6￿￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿%￿6￿￿￿￿￿￿￿￿
'H￿6LPRQH
HW￿DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿￿&￿
￿￿PFJ￿J￿￿%'
&RDO￿WDU￿￿7￿
￿￿￿LQ￿/DVVDU￿V￿SDVWH
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿ ZRUVH￿￿￿ UHPLVVLRQ￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿7￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
7:￿ 15
:$￿ 15
:)￿ 15
$(￿ 15
)DUNDV￿HW￿DO￿
￿￿￿￿￿
)DUNDV￿￿￿￿￿￿
7DFDOFLWRO￿RLQWPHQW￿￿7￿
￿￿PFJ￿J￿￿2'
'LWKUDQRO￿VWLFN￿￿'￿
￿￿￿￿￿RU￿￿￿￿￿2'
$W￿￿￿ZHHNV
3$6,￿￿7￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿'￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿￿￿DGMXVWHG￿IRU￿EDVHOLQH￿￿
7￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿'￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿￿ ZRUVH￿￿￿￿ FOHDU￿
1R￿DGHTXDWH￿GDWD￿DYDLODEOH
7:￿ 7￿￿￿￿￿￿￿￿'￿￿￿￿￿￿
:$￿ 15
:)￿ 15
$(￿ 7￿/￿￿￿￿￿￿￿￿￿'￿/￿￿￿￿￿￿￿￿￿
7￿6￿￿￿￿￿￿￿￿￿'￿6￿￿￿￿￿￿￿
*UDWWDQ
HW￿DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿￿￿￿￿%'
'LWKUDQRO￿LQ￿DTXHRXV￿JHO￿
￿'￿
￿GRVH￿WLWUDWLRQ￿￿￿￿￿￿￿￿￿￿￿
%'￿
$W￿￿￿ZHHNV￿
7RWDO￿VHYHULW\￿VFRUH￿￿￿￿￿￿
&￿￿￿￿￿￿￿￿￿￿6'￿￿￿3￿￿￿￿￿￿￿￿￿￿6'￿￿￿1 ￿￿
7:￿ '￿￿￿￿￿￿￿￿&￿￿￿￿￿￿
:$￿ 15
:)￿ 15
$(￿ '￿/￿￿￿￿￿￿￿￿￿￿&￿/￿￿￿￿￿￿￿￿￿￿6￿￿￿15
.LP￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿&￿
￿￿PFJ￿J￿￿%'
'HVR[\PHWDVRQH￿RLQWPHQW
￿'￿￿￿￿￿PJ￿J￿￿%'
$W￿￿￿ZHHNV￿
3$6,
&￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿'￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
7:￿ 15
:$￿ 15
:)￿ 15
$(￿ 15
.ODEHU￿HW￿DO￿
￿￿￿￿
%HWDPHWKDVRQH￿￿￿￿YDOHUDWH
￿%￿
VROXWLRQ￿￿PJ￿PO￿%'
&DOFLSRWULRO￿￿&￿
VROXWLRQ￿￿￿PFJ￿PO￿￿%'
$W￿￿￿ZHHNV￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿ ZRUVH￿￿￿ FOHDUHG￿￿UH￿VFDOHG￿DV￿￿￿WR￿￿￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
&￿￿￿￿￿￿￿￿￿￿￿￿6(￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6(￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿
:$￿ &￿/￿￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿%￿6￿￿￿￿￿￿￿￿
.UDJEDOOH￿HW
DO￿￿￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH￿YDOHUDWH￿￿%￿
RLQWPHQW￿￿￿￿￿￿￿%'
$W￿￿￿ZHHNV￿
3$6,￿￿&￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6'￿
1 ￿￿￿￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
766￿￿&￿￿￿￿￿￿￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿￿
:$￿ &￿/￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿%￿6￿￿￿￿￿￿￿￿7DEOH￿)￿￿6XPPDU\￿ILQGLQJV￿IURP￿KHDG￿WR￿KHDG￿WULDOV￿￿FRQWLQXHG￿
7ULDO &RPSDULVRQV 5HSRUWHG￿2XWFRPH￿PHDVXUHV :LWKGUDZDO￿DQG￿$GYHUVH￿(YHQWV￿
.UDJEDOOH￿HW
DO￿￿￿￿￿￿
&DOFLSRWULRO￿FUHDP￿&9￿
￿￿￿PFJ￿J￿20￿SOXV￿YHKLFOH
21
&DOFLSRWULRO￿FUHDP￿￿&&￿
￿￿￿PFJ￿J￿%'
&DOFLSRWULRO￿FUHDP￿&/￿
￿￿￿PFJ￿J￿20￿SOXV
FOREHWDVRQH￿￿￿EXW\UDWH
FUHDP￿￿￿￿￿PJ￿J￿21
&DOFLSRWULRO￿FUHDP￿&%￿
￿￿￿PFJ￿J￿20￿SOXV
EHWDPHWKDVRQH￿￿￿￿YDOHUDWH
FUHDP￿￿￿PJ￿J￿21
$W￿￿￿ZHHNV￿
3$6,￿
&9￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿
&/￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
3$6,￿￿DGMXVWHG￿IRU￿EDVHOLQH￿
&9￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&&￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿
1 ￿￿￿￿￿
&/￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&%￿￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿UH￿VFDOHG￿DV￿￿￿￿￿
&9￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿Q ￿￿￿￿￿￿&&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿
&/￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿&%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿￿&&￿￿￿￿￿￿￿￿￿
&/￿￿￿￿￿￿￿￿￿￿&%￿￿￿￿￿￿￿￿
:$￿ &￿￿￿￿￿￿￿￿￿&&￿￿￿￿￿￿￿￿
&/￿￿￿￿￿￿￿￿￿&%￿￿￿￿￿￿￿
:)￿ &￿￿￿￿￿￿￿￿￿&&￿￿￿￿￿￿￿￿
&/￿￿￿￿￿￿￿￿￿&%￿￿￿￿￿￿￿
$(￿ &￿/￿￿￿￿￿￿￿￿￿￿￿&&￿/￿￿￿￿￿￿￿￿￿￿
&/￿/￿￿￿￿￿￿￿￿￿￿￿&%￿/￿￿￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿￿￿&&￿6￿￿￿￿￿￿￿￿￿￿
&/￿6￿￿￿￿￿￿￿￿￿￿￿&%￿6￿￿￿￿￿￿￿￿￿
/DQGL￿HW￿DO￿
￿￿￿￿
&DOFLSRWULRO￿RLQWPHQW￿￿&￿
￿￿￿PFJ￿J￿￿%'
&OREHWDVRO￿SURSLRQDWH￿￿&3￿
￿￿￿￿￿￿RLQWPHQW￿￿%'
$W￿￿￿ZHHNV￿
3$6,￿
&￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿&3￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿
1R￿XVHIXO￿GDWD￿DYDLODEOH￿IURP￿/DQGL￿HW￿DO￿￿￿￿￿￿
￿￿￿￿￿SDWLHQWV￿
7:￿ 15
:$￿ 15
:)￿ 15
$(￿ &￿/￿￿￿￿￿￿￿￿￿&3￿/￿￿￿￿￿￿￿￿
&￿6￿￿￿￿￿￿￿￿￿&3￿6￿￿￿￿￿￿￿
/LVWHU￿HW￿DO￿
￿￿￿￿
'LWKUDQRO￿FUHDP￿￿0￿
￿￿￿￿￿￿2'
&DOFLSRWULRO￿￿%'￿￿&￿
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿
0￿￿￿￿￿￿￿￿1 ￿￿￿￿￿&￿￿￿￿￿￿￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
1R￿DGHTXDWH￿GDWD￿DYDLODEOH
7:￿ 15
:$￿ '￿/￿￿￿￿￿￿￿￿￿&￿/￿￿￿￿￿￿￿
:)￿ 15
$(￿ '￿/￿￿￿￿￿￿￿￿￿￿&￿/￿￿￿￿￿￿￿￿￿￿￿6￿￿￿15
0HGDQVN\￿HW
DO￿￿￿￿￿￿
'LIORUDVRQH￿GLDFHWDWH
RLQWPHQW￿￿￿3￿
￿￿￿￿￿￿￿%'
&DOFLSRWULHQH￿RLQWPHQW￿￿&￿
￿￿￿￿￿￿￿￿%'
$W￿￿￿ZHHNV￿
7RWDO￿VLJQ￿VFRUH￿￿￿￿￿￿￿
3￿￿￿￿￿￿￿&￿￿￿￿￿￿￿1 ￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿UHVFDOHG￿DV￿￿￿￿ZRUVH￿￿￿ FOHDU￿
3￿￿￿￿￿￿￿&￿￿￿￿￿￿1 ￿￿￿
7:￿ '￿￿￿￿￿￿￿￿￿&￿￿￿￿￿￿￿
:$￿ 15
:)￿ 15
$(￿ 15
0ROLQ￿HW￿DO￿
￿￿￿￿￿￿￿￿￿￿
&DOFLSRWULRO￿FUHDP￿￿&￿
￿￿￿PFJ￿J￿￿%'
%HWDPHWKDVRQH￿￿%￿
￿￿￿YDOHUDWH￿FUHDP￿￿￿PJ￿J￿
%'
$W￿￿￿ZHHNV￿
3$6,￿
&￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
3$6,￿￿DGMXVWHG￿IRU￿EDVHOLQH￿
&￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
3$6,￿￿PHDQ￿￿￿UHGXFWLRQ
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
,QYHVWLJDWRU￿JOREDO￿DVVHVVPHQW￿
￿￿￿SW￿￿￿ ZRUVH￿￿￿ FOHDUHG￿
&￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿￿￿%￿￿￿￿￿￿￿￿￿￿￿￿6'￿￿1 ￿￿￿￿
7:￿ &￿￿￿￿￿￿￿￿￿￿%￿￿￿￿￿￿￿
:$￿ &￿/￿￿￿￿￿￿￿￿￿￿%￿/￿￿￿￿￿￿￿￿
:)￿ 15
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